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BE IT KNOWN THAT WE, TAKAYUKI ARAKI, YOSHITO 
TANAKA and MIHOKO OHASHI, all residing at c/o Yodogawa- 
seisakusho, DAI KIN INDUSTRIES, LTD., 1-1, Nishihitotsuya, Settsu- 
shi, Osaka 566-8585 Japan, subjects of Japan, have invented certain 
new and useful improvements in 

OPTICAL MATERIAL CONTAINING 
CURABLE FLUORINE-CONTAINTNO POLYMER 

of which the following is a specification:- 
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OPTICAL MATERIAL CONTAINING CURABLE 
FLUORINE-CONTAINING POLYMER 

C R OSS- R E FERENCE T O R EL ATE D A P PL IC ATION 
This is a continuation-in-part of PCT international 
application No. PCT/ JP02/0 1770 filed on February 27, 2002 pending. 

5 BACKGROUND OF THE INVENTION 

The present invention relates to optical materials containing 
a curable fluorine-containing prepolymer, and particularly relates to 
compositions useful as an optical material and to materials used 
suitably in the field of optical communication where optical 

10 amplification technology is used and in the field where luminous 
phenomenon is used. 

An optical communication system using an optical fiber 
network enables high speed transmission of a large amount of data. 
Generally an quartz optical fiber is used as the optical fiber. However 

15 recently in plastic optical fiber (POF), a POF called GI (graded index) type 
POF which has a wide band (400 Mbps for 100 m transmission) and 
assures a low transmission loss has been developed, and construction of 
an optical communication network for domestic use is also considered. 
In the respective fibers, there is a difference in a band width of light for 

20 transmission. In the silica fiber, 1,300 nm band and 1,500 nm band 
are mainly used, and in the plastic (acryl) fiber, 650 nm band is mainly 
used. 

In either of quartz optical fiber and plastic optical fiber, in an 
optical communication system, there arises an attenuation of an optical 
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signal due to a loss caused at the time of transmission, branching, 
connection and switching. An attenuation of an optical signal is a 
problem particularly in case of a long distance transmission. Therefore 
an optical amplifier is needed to compensate for attenuation of optical 
5 signals. 

Example of an optical amplifier for an optical communication 
system using quartz optical fiber network is, for instance, a so-called 
fiber type optical amplifier disclosed in the bulletin ("Light amplification 
with Er-doped optical fiber and application thereof', by Masataka 

10 Nakazawa, Applied Physics Vol. 59, No. 9, pp. 1 175 - 1 192 (1990)). On 
this device are applied pumping of electron in Erbium (Er) cation atom 
by visible or near infrared light and a phenomenon of generating 
fluorescence having a wavelength of about 1,500 nm band. 

On the other hand, a luminant has been put into practical 

15 use for an inorganic glass containing a rare earth metal ion and for an 
electronic device for laser beam. However a present situation is such 
that because of difficulty in production and processing, applications 
thereof are limited. Also though a polymer composition is disclosed in 
JP64-26583A, intensity of luminescence is low. 

20 However in case of an optical amplifier (EDFA) using Er- 

doped optical fiber, a 20 to 30 m long optical fiber for amplification is 
necessary to obtain an amplifying gain of 30 dB (1000 times). The 
reason for this is that for example, while a fiber type optical amplifier for 
1,550 nm band uses an erbium ion (Er 3+ )-doped quartz fiber, if a doping 

25 amount is increased, a cluster is formed due to association of doping 
ions and the amplifying action is lowered. Therefore the doping amount 
is decreased to 10 to 1,000 ppm and a fiber length is increased to obtain 
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an amplifying action. As mentioned above, in case of a fiber type optical 
amplifier (glass), there is a limit in shortening a length of interface of the 
optical amplifier. Namely, there is a limit in down-sizing and cost 
reduction of the optical amplifier. 
5 Also since a base material is inorganic glass, elasticity and 

mold-processability have not always been satisfactory. 

Further in case of a fiber type optical amplifier (glass), it is 
difficult to make a flat optical amplifier. This causes a problem when 
an optical integrated circuit is made using an optical amplifier and other 

10 optical devices. 

Also in case of an inorganic device as a luminant, because of 
difficulty in production and processing, applications thereof are limited. 

On the other hand, addition of cation of rare earth element to 
an organic high molecular weight material has been studied. For 

15 example, JP5-86189A discloses polysiloxane in which a rare earth metal 
ion obtained by using chlorosilane having an organic group and a 
chloride of rare earth element as starting materials is introduced to a 
high molecular chain. Also JP5-88026A discloses materials such as 
polyacrylate and polysiloxane containing a complex such as 

20 acetylacetone complex of rare earth metal ion which is excellent in 
solubility in an organic solvent and oxidation resistance. Further in the 
preprint of High Molecule Society, Vol. 43(1), 29 (1994), a material 
obtained by synthesizing a rare earth element cation salt of a 
polymerizable organic acid such as acrylic acid or methacrylic acid and 

25 polymerizing or copolymerizing such a monomer carrying a rare earth 
element cation is reported, in which a cation concentration can be 
increased to about 10 % by weight. By those methods, a rare earth 
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element cation can be added in a high concentration to an organic high 
molecular weight material excellent in mold processability. However 
there are disadvantages that the synthesizing process is complicated 
and may give rise to an economical restriction in industrial application, 
5 and resins to be used are limited to those having relatively low heat 
resistance. 

Also in order to enhance dispersibility of a rare earth metal 
ion in a resin, it is necessary that carboxylic acid groups are introduced 
in a high concentration to a structure of a polymer constituting an 

10 acrylic resin. However such an acrylic resin has a large water 
absorption and therefore cannot be practically used as an optical 
material which hates presence of water. 

Further heat resistance is not sufficient and during a step for 
producing an optical amplifier or during use thereof, lowering of 

15 amplifying characteristics arises. 

Also when light source having wavelength bands of 1,300 nm 
and 1,500 nm is used, there is a substantial disadvantage that 
transmittance of light is lowered since a carbon-hydrogen bond and 
oxygen-hydrogen bond in the organic material absorb light of such 

20 bands. Therefore studies have been made with respect to replacement 
of hydrogen with heavy hydrogen (D) or fluorine. As a result, 
transparency can be improved to a certain extent, but in case of the 
replacement with heavy hydrogen, water absorption of the material does 
not change, and in case of the replacement with fluorine, when the 

25 replacement is made to an extent of having an effect on transparency, 
there are disadvantages that dispersibility of a rare earth metal ion is 
significantly lowered and also solubility in a solvent is lowered. Also in 
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case of the replacement with fluorine, a glass transition temperature is 
not increased and the problem with heat resistance cannot be solved. 
Further for application on a luminant using a luminous phenomenon, 
there is a problem with light resistance of a polymer to be used. 
5 As mentioned above, all the problems in the fields of optical 

amplification material and light emission material have not been solved, 
and novel optical amplification material and light emission material 
which can solve those problems are desired. 

10 SUMMARY OF TH E INVENT IO N 

The present inventors have made intensive studies to solve 
the mentioned problems and as a result, have found that the problems 
can be solved when a fluorine-containing resin composition prepared by 
a combination of a specific curable fluorine-containing polymer and a 

15 rare earth element is used, and thus have completed the present 
invention. The present invention provides a fluorine-containing resin 
composition giving excellent optical materials, particularly an optical 
amplification material and a light emission material. 

The first of the present invention relates to a fluorine- 

20 containing resin composition comprising (I) a fluorine-containing 
prepolymer which is a non-crystalline polymer having a fluorine content 
of not less than 25 % by weight and containing cure sites in a side chain 
of the polymer and /or at an end of a trunk chain of the polymer and (II) 
a compound containing a rare earth metal ion and/ or a rare earth metal, 

25 and relates to a fluorine-containing resin composition which is used for 
an optical amplification material and a light emission material. The 
composition is a curable fluorine-containing resin composition having a 
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high fluorine content and is useful as an optical material. 

The above-mentioned "in a side chain of the polymer" means 
that the cure sites may be present at an end or in the midst of the 
polymer side chain or in the both thereof. 
5 The optical amplification material and light emission material 

which are obtained by curing the fluorine-containing resin composition 
of the present invention are cured articles having a high fluorine content 
and therefore have a high amplifying ratio and a high intensity of 
luminescence and also have light resistance and heat resistance. 
10 Further those materials have a low refractive index and therefore 
possess enhanced characteristics for a luminant. 

More preferred as the fluorine-containing prepolymer (I) is a 
fluorine-containing prepolymer having a maximum absorption 
coefficient of not more than 1 cm" 1 in a wavelength range of from 1,290 
15 to 1,320 nm and/or from 1,530 to 1570 nm and/or from 600 to 900 nrn. 

It is preferable that the cure site of the fluorine-containing 
prepolymer (I) is a carbon-carbon double bond. Preferred example of 
the carbon-carbon double bond is one being present at an end of the 
polymer side chain. 
20 The carbon-carbon double bond constituting the cure site 

may be an ethylenic carbon-carbon double bond having a radical 
reactivity or an ethylenic carbon-carbon double bond having a cation 
reactivity. 

Examples of the fluorine-containing prepolymer (I) are 
25 polymers having recurring units of a fluorine-containing ethylenic 
monomer having a cure site. 

Example of the particularly preferred fluorine-containing 
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prepolymer (I) is a fluorine-containing polymer having a number average 
molecular weight of from 500 to 1,000,000 and represented by the 
formula (1): 

5 — (-M-) — f-A^- (1) 

in which the structural unit M is a structural unit derived from a 
fluorine-containing ethylenic monomer and represented by the formula 
(M): 

10 

-f CX X X 2 - CX 3 -)- 

(CX 4 X 5 ^C=0) b (O^Rf 

wherein X 1 and X 2 are the same or different and each is H or F; X 3 is H, 
15 F, CH 3 or CF 3 ; X 4 and X 5 are the same or different and each is H, F or 
CF 3 ; Rf is an organic group in which 1 to 3 of Y 1 (Y 1 is a monovalent 
organic group having 2 to 10 carbon atoms and an ethylenic carbon- 
carbon double bond at its end) are bonded to a fluorine-containing alkyl 
group having 1 to 40 carbon atoms or a fluorine-containing alkyl group 
20 having 2 to 100 carbon atoms and ether bond; a is 0 or an integer of from 
1 to 3; b and c are the same or different and each is 0 or 1, 
the structural unit A is a structural unit derived from monomer 
copolymerizable with the fluorine-containing ethylenic monomer 
providing the structural unit M, 
25 and the structural unit M and the structural unit A are contained in 
amounts of from 0.1 to 100 % by mole and from 0 to 99.9 % by mole, 
respectively. 
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The second of the present invention relates to an optical 
amplification material obtained by curing the fluorine-containing resin 
composition of the above-mentioned first invention and also relates to an 
optical amplifier having a core part formed by using the optical 
5 amplification material. 

The third of the present invention relates to a light emission 
material obtained by curing the fluorine-containing resin composition of 
the above-mentioned first invention and also relates to a light emitting 
device, a part or the whole of which is formed by using the light emission 
10 material. 

B RIEF DESCR IP T IO N OF DRAWING 
Fig. 1 is a chart showing steps for producing the optical 
amplifier or the light emitting device of the present invention. 

15 

D ETA I LE D DE S CR IP TI O N 
Example of the preferred polymer which is used as the 
fluorine-containing prepolymer of the present invention is, as mentioned 
above, the fluorine-containing polymer having a number average 
20 molecular weight of from 500 to 1,000,000 and represented by the 
formula (1): 

-fM-h-fA-h (1) 



25 in which the structural unit M is a structural unit derived from a 
fluorine-containing ethylenic monomer and represented by the formula 
(M): 



-f CX X X 2 - CX 3 f- 



(M) 



(CX 4 X 5 ^C=0) b (0-kRf 



wherein X 1 and X 2 are the same or different and each is H or F; X 3 is H, 
5 F, CH 3 or CF 3 ; X 4 and X 5 are the same or different and each is H, F or 
CF 3 ; Rf is an organic group in which 1 to 3 of Y 1 (Y 1 is a monovalent 
organic group having 2 to 10 carbon atoms and an ethylenic carbon- 
carbon double bond at its end) are bonded to a fluorine-containing alkyl 
group having 1 to 40 carbon atoms or a fluorine-containing alkyl group 

10 having 2 to 100 carbon atoms and ether bond; a is 0 or an integer of from 
1 to 3; b and c are the same or different and each is 0 or 1, 
the structural unit A is a structural unit derived from monomer 
copolymerizable with the fluorine-containing ethylenic monomer 
providing the structural unit M, 

15 and the structural unit M and the structural unit A are contained in 
amounts of from 0.1 to 100 % by mole and from 0 to 99.9 % by mole, 
respectively. 

Namely, the fluorine-containing polymer is a homopolymer of 
the structural unit M derived from a fluorine-containing ethylenic 
20 monomer which gives, to the polymer side chain and/ or an end of the 
polymer trunk chain, an ethylenic carbon-carbon double bond being 
curable by a reaction, or a copolymer comprising the structural unit M 
as an essential component. 

In the Rf of the structural unit M, it is preferable that at least 
25 one of Y 1 is bonded to an end of the Rf. 

In the fluorine-containing prepolymer (I) which is used in the 
present invention, the structural unit M is preferably a structural unit 
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Ml derived from a fluorine-containing ethylenic monomer and 
represented by the formula (Ml): 

-fCX l X 2 - CX 3 -h (M1) 
5 (CX^-fcrfO-hrRf 

wherein X 1 and X 2 are the same or different and each is H or F; X 3 is H, 
F, CH 3 or CF 3 ; X 4 and X 5 are the same or different and each is H, F or 
CF 3 ; Rf is an organic group in which 1 to 3 of Y 1 (Y 1 is a monovalent 
10 organic group haying 2 to 10 carbon atoms and an ethylenic carbon- 
carbon double bond at its end) are bonded to a fluorine-containing alkyl 
group having 1 to 40 carbon atoms or a fluorine-containing alkyl group 
having 2 to 100 carbon atoms and ether bond; a is 0 or an integer of from 
1 to 3; c is 0 or 1. 

15 The fluorine-containing prepolymer having the structural 

unit Ml is preferred since transparency particularly in a near infrared 
region (hereinafter referred to as "near infrared transparency") is high 
and in case of not only a homopolymer of the structural unit M 1 but also 
a copolymer containing an increased amount of the structural unit M 1 , 

20 near infrared transparency can be made high. 

Further example of the preferred structural unit Ml is a 
structural unit M2 derived from a fluorine-containing ethylenic 
monomer and represented by the formula (M2): 



25 



-fCH 2 -CF^ 

CF 2 O— Rf 



(M2) 
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wherein Rf is an organic group in which 1 to 3 of Y 1 (Y 1 is a monovalent 
organic group having 2 to 10 carbon atoms and an ethylenic carbon- 
carbon double bond at its end) are bonded to a fluorine-containing alkyl 
group having 1 to 40 carbon atoms or a fluorine-containing alkyl group 
5 having 2 to 100 carbon atoms and ether bond. 

The structural unit M2 is a structural unit of a fluorine- 
containing allyl ether having an ethylenic carbon-carbon double bond at 
its end and is preferred since not only near infrared transparency can be 
made high but also its polymerizability is good, particularly 
10 homopolymerizability and copolymerizability with other fluorine- 
containing ethylenic monomer are good. 

Also another example of the preferred structural unit Ml is a 
structural unit M3 derived from a fluorine-containing ethylenic 
monomer and represented by the formula (M3): 

15 

-+CF 2 -CF-)- {M3) 
O — Rf 



wherein Rf is an organic group in which 1 to 3 of Y (Y is a monovalent 
20 organic group having 2 to 10 carbon atoms and an ethylenic carbon- 
carbon double bond at its end) are bonded to a fluorine-containing alkyl 
group having 1 to 40 carbon atoms or a fluorine-containing alkyl group 
having 2 to 100 carbon atoms and ether bond. 

The structural unit M3 is a structural unit of a fluorine- 
25 containing vinyl ether having an ethylenic carbon-carbon double bond 
at its end and is preferred since near infrared transparency can be made 
high and also its copolymerizability with other fluorine-containing 
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ethylenic monomer is good. 

In the fluorine-containing prepolymer (I) of the formula (1) 
which is used in the present invention, Y 1 contained in the structural 
units M, Ml, M2 and M3 is, as mentioned above, a monovalent organic 
5 group having 2 to 10 carbon atoms and an ethylenic carbon-carbon 
double bond at its end. 

The carbon-carbon double bond in Y 1 has an ability of 
causing a polycondensation reaction, etc. and can provide a cured 
(crosslinked) article. Concretely, for example, a polymerization reaction 

10 and condensation reaction are caused between the molecules of the 
fluorine-containing prepolymer (I) or between the fluorine-containing 
prepolymer (I) and a curing (crosslinking) agent to be added as case 
demands by contact with a radical or a cation, and thereby a cured 
(crosslinked) article can be provided. 

15 The first of the preferred Y 1 is: 

-f0^fC=O^Y 2 

wherein Y 2 is an alkenyl group or fluorine-containing alkenyl group 
20 having 2 to 5 carbon atoms and an ethylenic carbon-carbon double bond 
at its end; d and e are the same or different and each is 0 or 1 . 
Example of preferred Y 2 is: 

-CX 6 =CX 7 X 8 

25 

wherein X 6 is H, F, CH 3 or CF 3 ; X 7 and X 8 are the same or different and 
each is H or F. This group is preferred because of a high curing 
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reactivity by contact with a radical or a cation. 

Examples of the preferred Y 2 are: 

CH, 
I 

5 -CH=CH 2 , -CF=CH 2 , -C=CH 2 , -CF=CF 2 



and the like. 

Also more preferred Y 1 is: 



10 -0(C=0)CX 6 =CX 7 X 8 

wherein X 6 is H, F, CH 3 or CF 3 ; X 7 and X 8 are the same or different and 
each is H or F. This group is preferred because a curing reactivity by 
contact with a radical is high and a cured article can be obtained easily 
15 by photo -curing. 

Examples of more preferred Y 1 are: 



-OC-CH=CH 2 , 
II 

20 O 

CF 3 
I 

-OC-C=CH 2 , 
II 

o 



CH 3 
I 

-OC-C=CH 
II 

o 



2 > 



-OC-CF=CF 2 
II 

o 



-OC-CF=CH 2 , 
II 

o 



25 and the like. 

Examples of other preferred Y 1 are: 
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-CH = CH2 , -CH2CH— CH2 , -OCH2CH = CH2 , 
-OCH=CH 2 , -OCF=CF 2 , 

-C-OCH=CH 2 , -C-OCH 2 CH=CH 2 , 
II II 

o o 

X 

I 

-CH-CH 2 OC-C=CH 2 (X: H, F or CH 3 ) , 

OH O 

O 
II 

-CH-CH 2 OCCX=CH 2 (X: H, F or CH 3 ) , 

OCCX=CH 2 
II 
O 

-CHCH 2 OCH 2 CH=CH 2 , -CHCH 2 OCH 2 CH=CH 2 
OH OCH 2 CH=CH 2 

15 and the like. 

Among the Y 1 , those which have the structure of - 
0(C=0)CF=CH 2 are preferred because near infrared transparency can be 
made high, a curing (crosslinking) reactivity is particularly high and a 
cured article can be obtained efficiently. 

20 The above-mentioned organic group Y 1 having a carbon- 

carbon double bond in its side chain may be introduced to an end of the 
polymer trunk chain. 

In the fluorine-containing prepolymer (I) which is used in the 
present invention, -Rf- (a group obtained by excluding Y 1 from the 

25 above-mentioned -Rf) contained in the structural units M, Ml, M2 and 
M3 is a fluorine-containing alkylene group having 1 to 40 carbon atoms 
or a fluorine-containing alkylene group having 2 to 100 carbon atoms 
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and ether bond. This Rf group is one in which fluorine atom is bonded 
to carbon atom contained therein. The Rf group is generally a 
fluorine-containing alkylene group or fluorine-containing alkylene group 
having ether bond in which fluorine atom and hydrogen atom or chlorine 
5 atom are bonded to carbon atom. Preferred Rf group is one having 
more fluorine atoms (a high fluorine content). More preferred is a 
perfluoroalkylene group or a perfluoroalkylene group having ether bond. 
The fluorine content of the fluorine-containing prepolymer (I) is not less 
than 25 % by weight, preferably not less than 40 % by weight. Such a 

10 fluorine content is preferred because near infrared transparency of the 
fluorine-containing prepolymer (I) can be made high and also can be 
maintained even if a curing degree (crosslinking density) is increased 
particularly to increase heat resistance and elasticity of a cured article. 

Too large number of carbon atoms of -Rf- is not preferred 

15 because there is a case where solubility in a solvent is lowered and 
transparency is lowered in case of a fluorine -containing alkylene group, 
and also because a hardness and mechanical properties of the polymer 
itself and the cured article are lowered in case of a fluorine-containing 
alkylene group having ether bond. The number of carbon atoms of the 

20 fluorine-containing alkylene group is preferably from 1 to 20, more 
preferably from 1 to 10. The number of carbon atoms of the fluorine- 
containing alkylene group having ether bond is preferably from 2 to 30, 
more preferably from 2 to 20. 

Examples of preferred Rf are: 

25 

CF 3 
I 

~tCF 2 ^CH 2 i- n , -f CF 2 CF-krf CH 2 i- n , -f CH 2 CF 2 i^f CH 2 ^ , 
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CF 3 
I 

-f-CH 2 -)jj C — , (m: from 1 to 10, n: from 0 to 5) 
CF 3 

CF 3 
I 

5 -fCF 2 CF 2 -irtCF 2 CF-fe-eCH 2 -fe , 

-f CF 2 CF2-)ff-CH 2 CF 2 -)5-t CH 2 -)^ , 

CF 3 CF, 
I I 
"f CF 2 + n C- , -f- CH 2 CF 2 -irt CF 2 CFi 5r e CH 2 ->- n , 

CF 3 

10 (1: from 1 to 10, m: from 1 to 10, n: from 0 to 5) 

i-CFCF 2 Oi^CF 2 Oi^CX 1 %CF 2 CF 2 Oi^CX 11 i r tCFi r tCH 2 i I , 

X 9 X 12 
-f CF 2 CFOVfCF 2 Oi F t CF 2 CF 2 CX 10 2 Oi r - CF 2 (CFi r t CH 2 -) T , 
X 9 X 12 
15 (X 9 and X 12 are F or CF 3 ; X 10 and X 11 are H or F; o + p + q is from 1 to 30; 
r is 0 or 1; s and t are 0 or 1) 

and the like. 

As mentioned above, the structural unit M constituting the 
20 fluorine-containing prepolymer (I) of the present invention is preferably 
the structural unit Ml and the structural unit Ml is preferably the 
structural units M2 and M3. Next, mentioned below are examples of 
the structural units M2 and M3. 

Examples of the preferred monomers constituting the 
25 structural unit M2 are: 
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CH 2 =CFCF 2 OCF-Y 1 , CH 2 =CFCF 2 OCFCH 2 -Y 1 , 
CF 3 CF 3 

CH 2 =CFCF 2 OCFCH 2 0-Y 1 , 
CF 3 

5 CH 2 =CFCF 2 0-t CFCF 2 0-fe CF-Y 1 , 

CF 3 CF 3 

CH 2 =CFCF 2 0 ( CFCFaO-feCFCH^Y 1 , 

CF 3 CF 3 

CH 2 =CFCF 2 0 ( CFCF 2 O^CFCH 2 OCH 2 CHCH 2 -Y 1 , 

10 CF 3 CF 3 Y 1 

CH 2 =CFCF 2 0tCF 2 CF 2 0-fe CF2-Y 1 , 

CH 2 =CFCF 2 0-tCF 2 CF 2 Oi^CF 2 CH 2 -Y 1 , 

CH 2 =CFCF 2 0-fCF 2 CF 2 CF 2 0-fe CF 2 CF 2 -Y 1 , 

CH 2 =CFCF 2 0-fCF 2 CF 2 CF 2 0-^ CF 2 CF 2 CH 2 -Y 1 , 

15 CH 2 =CFCF 2 0-fCH 2 CF 2 CF 2 0-^ CH 2 CF 2 -Y 1 , 

CH 2 =CFCF 2 0-(-CH 2 CF 2 CF 2 0-fa CH 2 CF 2 CH 2 -Y X , 

CH 2 =CFCF 2 0-f CF 2 CF 2 -fe Y 1 and 

CF 3 
1 

CH 2 =CFCF 2 0 ( CF 2 CF-fe CH 2 -Y 
20 (n: an integer of from 1 to 30, Y 1 is as defined above). 
More concretely there are: 



CH 2 =CFCF 2 0-tCFCF 2 0-fe CFCH 2 OCCX=CH 2 , 
CF 3 CF 3 O 
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CH 2 =CFCF 2 0-fCFCF 2 0^ CFCH 2 OCH 2 CHCH 2 OCCX=CH 2 , 
CF 3 CF 3 O 

OCCX=CH 2 
II 

o 

5 CH 2 =CFCF 2 Of CFCF 2 0^ CFCH 2 OCH=CH 2 , 

CF 3 CF 3 
CH 2 =CFCF 2 Ot CFCF 2 0-fc CFCH 2 OCH 2 CHOCH=CH 2 , 



CF, 



CF, 



OCH=CH 2 



CH 2 =CFCF 2 0-(-CFCF 2 0i^CF=CF 2 , 
10 CF 3 

CH 2 =CFCF 2 OtCFCF 2 0-)^CFCOOCH=CH 2 , 



CF, 



CF, 



CH 2 =CFCF 2 0-tCFCF 2 0-fe CFCH 2 OCH 2 CH=CH 2 , 



CF. 



CF, 



15 CH 2 =CFCF 2 0-(- CFCF 2 0-fo CFCH 2 OCH 2 CHCH 2 OCH 2 CH=CH 2 , 



CF, 



CF, 



OCH 2 CH=CH 2 



20 



CH 2 =CFCF 2 0-e CFCF 2 0-fo CFC OCCX=CH 2 , 

1 1 \or2 'I 

CF 3 CF 3 Rf O • 

CHoCH = CHo 

i 2 

CH 2 =CFCF 2 0-(- CFCF 2 0-fe CF-C-OCCX=CH 2 , 
CF 3 CF 3 O 

(Rf 1 and Rf 2 are perfluoroalkyl groups having 1 to 5 carbon atoms; n is 
25 an integer of from 0 to 30; X is H, CH 3 , F or CF 3 ) 



and the like. 
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Examples of the preferred monomer constituting the 
structural unit M3 are: 

CF 2 =CFOCF 2 CF 2 -Y 1 , CF 2 =CFOCF 2 CF 2 CH 2 -Y 1 , 
5 CF 2 =CFOCF 2 CF 2 CH 2 OCH 2 CHCH 2 -Y 1 , 

Y 1 

CF 2 =CFOtCF 2 CF^Y 1 , 
CF 3 

CF 2 =CFO-(-CF 2 CFOi ir CF 2 CF 2 CH 2 -Y 1 , 
10 CF 3 

CF 2 =CFO-fCF 2 CFOij r CF 2 CF 2 CH 2 OCH 2 CHCH 2 -Y 1 , 

CF 3 Y 1 
CF 2 =CFO-fCF 2 -)3 Y 1 , CF 2 =CFO( CF^ CH 2 -Y 1 , 
CF 2 =CFOCF 2 CF 2 OCF 2 -Y 1 , 
15 CF 2 =CFOCF 2 CF 2 OCF 2 CH 2 -Y 1 , 

CF 2 =CFOCF 2 CF 2 OCF 2 CH 2 OCH 2 CHCH 2 -Y 1 , 

Y 1 

CF 2 =CFOCF 2 CF 2 CH 2 OCF 2 CF 2 -Y 1 , 
CF 2 =CFOCF 2 CF 2 CH 2 OCF 2 CF 2 CH 2 -Y 1 
20 (Y 1 is as defined above; n is an integer of from 1 to 30) 

and the like. 

More concretely there are: 

25 CF 2 =CFO(CF 2 CFO^ s -f CF 2 ^ CH 2 OCCX=CH 2 , 

CF 3 O 



2 0 



CF 2 =CFO(CF 2 CFO-fe-eCF 2 -fc r CH 2 OCH 2 CHCH 2 OCCX=CH 2 , 



I 

CF, 



II 
O 



OCCX=CH 2 
II 

o 



5 CF 2 =CFOi CF 2 CFO-fe-f CF 2 -fc CH 2 OCH=CH 2 , 

CF 3 

CF 2 =CFC"f CF 2 CFOi s -fCF 2 -fe- CH 2 OCH 2 CHOCH=CH 2 , 



I 

CF, 



OCH=CH, 



CF 2 =CFO-e CF 2 CFOi i;r t CF 2 -fe COOCH=CH 2 , 



10 



CF, 



CF 2 =CFC-f CF 2 CFOi S -t CF 2 -fe CH 2 OCH 2 CH=CH 2 , 
CF 3 

CF 2 =CFO-t CF 2 CFC-fe-f CF 2 i^ CH 2 OCH 2 CHCH 2 OCH 2 CH=CH 2 , 

CF 3 OCH 2 CH=CH 2 

15 Rf 1 

I 

CF 2 =CFO-f CFaCFO^-t CF 2 ^ C-OCCX=CH 2 , 
CF 3 O 
Rf 2 

CH2CH = CH2 

20 CF 2 =CFO-f CFaCFO^f CF 2 ^ C-OCCX=CH 2 , 

CF 3 O 

CH2CH = CH2 

(Rf 1 and Rf 2 are perfluoroalkyl groups having 1 to 5 carbon atoms; m is 
an integer of from 0 to 30; n is an integer of from 1 to 3; X is H, CH 3 , F or 
25 CF 3 ) 



and the like. 



Examples of the monomer constituting the structural unit M 
of the fluorine-containing prepolymer (I) other than the above-mentioned 
structural units M2 and M3 are, for instance, 

CF 2 =CFCF 2 -0-Rf-Y 1 , CF 2 =CFCF 2 0-Rf-CH 2 CHCH 2 -Y 1 , 

Y 1 

CF 2 =CF-Rf-Y 1 , CF 2 =CF-Rf-CH 2 CHCH 2 -Y 1 , 

Y 1 

CH 2 =CH-Rf-Y 1 , CH 2 =CH-Rf-CH 2 CHCH 2 -Y 1 , 

Y 1 

CH 2 =CHO-Rf-Y 1 , CH 2 =CHO-Rf-CH 2 CHCH 2 -Y 1 , 

Y 1 

and the like wherein Y 1 and Rf are as defined above. 
More concretely there are: 

CF 2 =CFCF 2 OCF 2 CF 2 CF 2 -Y 1 , 
CF 2 =CFCF 2 OCF 2 CF 2 CF 2 CH 2 -Y 1 , 

CF 2 =CFCF 2 OCF 2 CF-Y 1 , CF 2 =CFCF 2 OCF 2 CFCH 2 -Y 1 , 

CF 3 CF 3 
CF 2 =CFCF 2 OCF 2 CFCH 2 OCH 2 CHCH 2 -Y 1 , 

CF 3 Y 1 
CF 2 =CFCF 2 -Y 1 , CF 2 =CFCF 2 CH 2 -Y 1 , 
CF 2 =CFCF 2 CH 2 OCH 2 CHCH 2 -Y 1 , 

Y 1 

CH 2 =CHCF 2 CF 2 CH 2 CH 2 -Y 1 , CH 2 =CHCF 2 CF 2 -Y 1 , 
CH 2 =CHCF 2 CF 2 CH 2 -Y 1 , CH 2 =CHCF 2 CF 2 CF 2 CF 2 -Y 1 , 



CH 2 =CHCF 2 CF 2 CF 2 CF 2 CH2-Y 1 , 
CH 2 =CHCF 2 CF 2 CF 2 CF 2 CH 2 OCH 2 CHCH 2 -Y 1 , 

Y 1 

CH 2 =CHOCH 2 CF 2 CF 2 -Y 1 , CH 2 =CHOCH 2 CF 2 CF 2 CH 2 -Y 1 

and the like, wherein Y 1 is as defined above. 

In the fluorine-containing prepolymer (I) of the present 
invention, the structural unit A is an optional component. The 
structural unit A is not limited particularly as far as it is a monomer 
copolymerizable with the structural units M, Ml, M2 and M3. The 
structural unit A may be optionally selected depending on intended 
applications of the fluorine-containing prepolymer and a cured article 
obtained therefrom and required characteristics thereof. 

Examples of the structural unit A are, for instance, as 

follows. 

(i) Structural units derived from fluorine-containing ethylenic monomers 
having functional group 

These structural units (i) are preferred from the point that 
adhesion to a substrate and solubility in a solvent, particularly a 
general-purpose solvent can be imparted to the fluorine-containing 
prepolymer and a cured article obtained therefrom while maintaining a 
high near infrared transparency, and is also preferred from the point 
that functions such as crosslinkability other than those affected by Y 1 
can be imparted. 

Preferred structural unit (i) of the fluorine-containing 
ethylenic monomer having functional group is a structural unit 
represented by the formula (3): 



* 



■ f , 

- 2 3 



-f CX n X 12 -CX 13 -)- 

I (3) 



wherein X 11 , X 12 and X 13 axe the same or different and each is H or F; X 
5 is H, F or CF 3 ; h is 0, 1 or 2; i is 0 or 1; Rf 4 is a fluorine-containing 
alkylene group having 1 to 40 carbon atoms or a fluorine -containing 
alkylene group having 2 to 100 carbon atoms and ether bond; Z 1 is a 
functional group selected from the group consisting of -OH, -CH 2 OH, - 
COOH, carboxylic acid derivative, -S0 3 H, sulfonic acid derivative, epoxy 
10 and cyano, and particularly preferred is a structural unit derived from: 



CH 2 =CFCF 2 ORf 4 -Z 1 



wherein Rf 4 and Z 1 are as defined above. 
15 More concretely there are preferably structural units derived 

from fluorine-containing ethylenic monomers such as: 

CH 2 =CFCF 2 OCF-Z 1 , CH 2 =CFCF 2 OCFCF 2 OCF-Z 1 , 
CF 3 CF 3 CF 3 

20 CH 2 =CFCF 2 0-eCFCF 2 0l2 CF-Z 1 , CH 2 =CFCF 2 OCH 2 CF 2 -Z 1 , 

CF 3 CF 3 
CH 2 =CFCF 2 OCH 2 CF 2 CF 2 OCF-Z 1 , 

CF 3 

CH 2 =CFCF 2 OCF 2 CF 2 OCF 2 -Z 1 and 
25 CH 2 =CFCF 2 Oi- CF 2 CF 2 Ol2 CF 2 -Z l 

wherein Z 1 is as defined above. 
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Also there are preferred structural units derived from 
monomers represented by: 

CF 2 =CFORf 4 -Z 1 

5 

wherein Rf 4 and Z 1 are as defined above. More concretely there are 
structural units derived from monomers such as: 

CF 2 =CFOCF 2 CF 2 -Z 1 , CF 2 =CFOCF 2 CF 2 CH 2 -Z 1 , 
10 CF 2 =CFOCF 2 CFOCF 2 CF 2 -Z 1 , 
CF 3 

CF 2 =CFOCF 2 CFOCF 2 CF 2 CH 2 -Z 1 , 
CF 3 

CF 2 =CFOi CF 2 -t5 Z 1 , CF 2 =CFOi CF^ CIVZ 1 , 
15 CF 2 =CFOCF 2 CF 2 OCF 2 -Z 1 , 

CF 2 =CFOCF 2 CF 2 OCF 2 CH 2 -Z 1 , 
CF 2 =CFOCF 2 CF 2 CH 2 OCF 2 CF 2 -Z 1 and 
CF 2 =CFOCF 2 CF 2 CH 2 OCF 2 CF 2 CH 2 -Z 1 , 

20 wherein Z 1 is as defined above. 

Examples of the other fluorine-containing ethylenic monomer 
having functional group are: 

CF 2 =CFCF 2 -0-Rf-Z 1 , CF 2 =CF-Rf-Z 1 , 
25 CH 2 =CH-Rf-Z 1 , CH 2 =CHO-Rf-Z 1 



and the like, wherein -Rf- is the same as the above-mentioned -Rf- and 
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Z 1 is as defined above. More concretely there are 



CF 2 =CFCF 2 OCF 2 CF 2 CF 2 -Z 1 , 
CF 2 =CFCF 2 OCF 2 CF 2 CF 2 CH 2 -Z 1 , 
5 CF 2 =CFCF 2 OCF 2 CF-Z 1 , CF 2 =CFCF 2 OCF 2 CF-CH 2 -Z 1 , 

CF 3 CF 3 
CF 2 =CFCF 2 -Z 1 , CF^CFCFsC^-Z 1 , 
CH 2 =CHCF 2 OF 2 CH 2 CH 2 -Z 1 , CH 2 =CHCF 2 CF 2 -Z 1 , 
CH 2 =5 CHCF 2 CF 2 CH 2 -Z* , CH2 = CHCF 2 CF 2 CF 2 CF 2 ~Z* , 
10 CH 2 =CHCF 2 CF 2 CF 2 CF 2 CH 2 -Z 1 , CH 2 =CHO-CH 2 CF 2 CF 2 -Z 1 , 
CH 2 =CHOCH 2 CF 2 CF 2 CH 2 -Z 1 

and the like, wherein Z 1 is as defined above. 

When using the monomer having -OH group, -COOH group 
15 or -S0 3 H group, it is preferable that an amount thereof is in a range 
where near infrared transparency is not lowered. 

(ii) Structural units derived from fluorine-containing ethylenic 
monomers having no functional group 

These structural units (ii) are preferred from the point that a 

20 higher near infrared transparency of the fluorine-containing prepolymer 
and a cured article obtained therefrom can be maintained and also from 
the point that transparency can be increased. Further these structural 
units are preferred from the point that by selecting the monomer, 
mechanical properties and glass transition temperature of the polymer 

25 can be adjusted, particularly the glass transition temperature can be 
increased by copolymerization with the structural unit M. 

Examples of the preferred structural units (ii) of the 
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fluorine-containing ethylenic monomer are those represented by the 
formula (4): 

— f cx 15 x 16 -cx 17 4- (4) 

5 (C^^^OiTrtRf^Z 2 

wherein X 15 , X 16 and X 18 are the same or different and each is H or F; X 17 
is H, F or CF 3 ; hi, il and j are 0 or 1; Z 2 is H, F or CI; Rf 5 is a fluorine- 
containing alkylene group having 1 to 20 carbon atoms or a fluorine- 
10 containing alkylene group having 2 to 100 carbon atoms and ether bond. 

Examples thereof are preferably structural units derived from 
monomers such as: 

CF 2 =CF 2 , CF 2 =CH 2 , CF 2 =CFC1 , CF 2 =CFCF 3 , 

15 y CF 3 

CF 2 =C , CF 2 =CFO(CF 2 ) n F (n: from 1 to 5), CH 2 =C(CF 3 ) 2 , 

CF 3 

CF 2 =CFH , CF 2 =CC1 2 , CF 2 =CFOCF 2 CFO-C 3 F 7 , 

CF 3 

20 CH 2 =CF-fCF 2 -fcZ 2 (Z 2 is as defined in the formula (4), n is from 1 to 10) 
and 

CH 2 =CHOCH 2 -tCF 2 -fe-Z 2 (Z 2 is as defined in the formula (4), n is from 1 
to 10). 

(iii) Fluorine-containing aliphatic ring structural units 
25 Introduction of these structural units (iii) is preferred since 

transparency can be increased and a near infrared transparency can be 
increased more and further since the fluorine-containing prepolymer (I) 
having a high glass transition temperature can be obtained and a higher 



hardness of the cured article can be expected. 

Examples of the preferred fluorine-containing aliphatic ring 
structural unit (iii) are those represented by the formula (5): 



(CX 23 X 24 ) n2 



-{(CX 19 X 20 ) nl (pC 21 ^X 22 (CX"X^°) n3 }- 

(OJn4 ^jO)n5 

Rf 6 



(5) 



wherein X 19 , X 20 , X 23 , X 24 , X 25 and X 26 are the same or different and each 
is H or F; X 21 and X 22 are the same or different and each is H, F, CI or 
CF 3 ; Rf 5 is a fluorine-containing alkylene group having 1 to 10 carbon 
atoms or a fluorine-containing alkylene group having 2 to 10 carbon 
atoms and ether bond; n2 is 0 or an integer of from 1 to 3; nl, n3, n4 and 
n5 are the same or different and each is 0 or 1 . 

For example, there are structural units represented by: 



-fCX 21 -CX 22 -*- 
I I 

o o 

Rf 6 



wherein Rf 6 , X 21 and X 22 are as defined above. 
Concretely there are: 



-i CF-CF4 



-{ CF-CF-)- 



-( CF-CF-f 



o o 

F F 



O O 

X 

CF 3 CF 3 



O O 

X 

F CF 3 



r 



20 




2 8 



I I 

o o 

X 

F F 



-f CF 2 -CF-CF-CF 2 f- 
II 2 
O CF 2 

CF 3 CF 3 , CF 3 CF 3 , CF 2 

CF 2 CX 23 X 24 

/\ / \ 

-fCF 2 CF CF-)- -f-CFCF CF-)- 

io \/° F2 °" CF2 

CF 2 

yCF 2 
/ \ 

-fCX 19 X 20 -CF CF+ -f CX 19 X 20 CF- CFCF~-r 

II II 
CF 2 ~ O , CF 2 - O 

15 OCF, 
I 3 

-fCF-C+ -fCF-CF-f 
I f / \ 

o o o o 

X \ / 

F F , CF 2 -CF 

I 

CF, 



and the like wherein X 19 , X 20 , X 23 and X 24 are as defined above. 

Examples of the other fluorine-containing aliphatic ring 
structural unit are, for instance, 



2 9 - 



-ecF^-c^ 

0 o 

1 I 

CF 0 - CF 



and the like. 

(iv) Structural units derived from ethylenic monomers having no fluorine 
The structural units (iv) derived from ethylenic monomers 
having no fluorine may be introduced to the polymer in a range where 
the introduction does not have an adverse effect on near infrared 
transparency. 

By the introduction of these structural units (iv), solubility in 
a general-purpose solvent is enhanced and compatibility with additives, 
for example, a photocatalyst and a curing agent to be added as case 
demands can be improved. 

Examples of the non-fluorine-containing ethylenic monomer 
are as follows. 
a-Olefins: 

Ethylene, propylene, butene, vinyl chloride, vinylidene 
chloride and the like. 
Vinyl ether or vinyl ester monomers: 

CH 2 =CHOR, CH 2 =CHOCOR (R: hydrocarbon group having 1 
to 20 carbon atoms) and the like. 
Allyl monomers: 

CH 2 =CHCH 2 C1, CH 2 =CHCH 2 OH, CH 2 =CHCH 2 COOH, 

CH 2 =CHCH 2 Br and the like. 
Allyl ether monomers: 



* 
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CH 2 =CHCH 2 OR 

(R: hydrocarbon group having 1 to 20 carbon atoms), 
CH 2 =CHCH 2 OCH 2 CH 2 COOH , 

CH 2 =CHCH 2 OCH 2 CHCH 2 , CH 2 =CHCH 2 OCH 2 <^HCH 2 
5 O OH OH 

and the like. 

Acrylic or methacrylic monomers: 

Acrylic acid, methacrylic acid, acrylic acid esters, methacrylic 
acid esters, maleic anhydride, maleic acid, maleic acid esters and the 
10 like. 

Monomers obtained by replacing a part or the whole of 
hydrogen atoms of the above-mentioned non-fluorine-containing 
monomers with heavy hydrogen atoms are more preferred from the 
viewpoint of transparency. 
15 (v) Structural units derived from alicyclic monomers 

A structural unit (v) of an alicyclic monomer may be 
introduced as a component copolymerizable with the structural unit M, 
more preferably as the third component in addition to the structural unit 
M and the structural unit of the above-mentioned fluorine-containing 
20 ethylenic monomer or non-fluorine-containing ethylenic monomer (the 
above-mentioned (iii) or (iv)), thereby making a glass transition 
temperature and hardness high. 

Examples of the alicyclic monomer (v) are norbornene 
derivatives represented by: 

25 
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A B CD 



5 

wherein m is 0 or an integer of from 1 to 3; A, B, C and D are the same or 
different and each is H, F, CI, COOH, CH 2 OH, a perfluoroalkyl group 
having 1 to 5 carbon atoms or the like, alicyclic monomers such as: 




> and 



15 and derivatives thereof in which a substituent is introduced. 

In the fluorine-containing prepolymer (I) of the present 
invention, various combinations and proportions of the structural units 
M (Ml, M2 or M3) and A can be selected from the above-mentioned 
examples depending on intended applications, physical properties 

20 (particularly glass transition temperature, hardness, etc.), functions 
(transparency and near infrared transparency) and the like as far as the 
combination of the structural units M and A makes the polymer non- 
crystalline and the fluorine content becomes not less than 25 % by 
weight. 

25 The fluorine-containing prepolymer (I) of the present 

invention contains the structural unit M (Ml, M2 or M3) as an essential 
component and is characterized in that the structural unit M itself has 
functions of maintaining a high near infrared transparency and 
imparting transparency and functions of being capable of imparting 



t 

- 3 2 - 

hardness, heat resistance, abrasion resistance, scratch resistance and 
solvent resistance to a cured article by the curing. Also the prepolymer 
(I) is characterized in that a refractive index can be controlled by 
adjusting the content of the structural unit M. Therefore even if the 
5 fluorine-containing prepolymer (I) contains a larger amount of the 
structural unit M or in the extreme case, even if the prepolymer consists 
of the structural unit M (100 % by mole), a high near infrared 
transparency can be maintained. Further a cured article having a high 
curing (crosslinking) density can be obtained and a coating film having a 

10 high hardness and excellent abrasion resistance, scratch resistance and 
heat resistance can be obtained. 

Also in the case of the copolymer comprising the structural 
unit M and the structural unit A of the prepolymer (I), when the 
structural unit A is selected from the above-mentioned examples, there 

15 can be obtained the prepolymer providing a cured article having a higher 
hardness, a high glass transition temperature and a high near infrared 
transparency. 

In the copolymer comprising the structural unit M and the 
structural unit A of the prepolymer (I), the proportion of the structural 
20 unit M may be not less than 0. 1 % by mole based on the whole structural 
units constituting the fluorine-containing prepolymer (I). The 
proportion is not less than 2.0 % by mole, preferably not less than 5 % 
by mole, more preferably not less than 10 % by mole in order to obtain 
the cured article having a high hardness, excellent abrasion resistance 
25 and scratch resistance and good chemical resistance and solvent 
resistance by curing (crosslinking). 

Particularly for the optical material applications which 
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require formation of a cured coating film having excellent heat resistance 
and transparency and small moisture absorption, it is preferable that 
the structural unit M is contained in an amount of not less than 10 % by 
mole, preferably not less than 20 % by mole, more preferably not less 
5 than 50 % by mole. An upper limit thereof is lower than 100 % by mole. 

The curable fluorine-containing prepolymer (I) of the present 
invention has preferable characteristics particularly for the optical 
amplification material application in near infrared region and the light 
emission material application in a region of from visible light to near 
10 infrared ray since transparency is not lowered even if the proportion of 
the structural unit M is increased (or even if the number of cure sites is 
increased) . 

In case of the optical amplification material in optical 
communication applications and the light emission material in a region 

15 of from visible light to near infrared ray where a high transparency is 
required, it is important that the curable fluorine-containing prepolymer 
(I) has a combination and proportion of the structural units M and A 
which make the prepolymer non-ciystalline. Being non-crystalline 
means that in DSC analysis, when measurement is carried out at a 

20 heating rate of 10°C/min (ASTM D34 18-99), an absorption peak 
resulting from melting is not substantially observed or heat of fusion is 1 
J/g or lower at the 2nd run. 

It is preferable that the fluorine content of the curable 
fluorine-containing prepolymer (I) is not less than 25 % by weight. 

25 If the fluorine content is low, transparency in a near infrared 

region is lowered. Also if the fluorine content is low, moisture 
absorption is increased and therefore the prepolymer cannot be used 



substantially as an optical material for optical communication, etc. For 
the optical amplification material and light emission material 
applications, most preferable fluorine content is not less than 40 % by 
weight. An upper limit of the fluorine content varies depending on the 
components of the fluorine-containing prepolymer (I) and is about 75 % 
by weight which is a fluorine content when all hydrogen atoms are 
replaced with fluorine atoms. 

As a method of measuring a fluorine content, generally there 
is used a method of calculating the fluorine content by analyzing 
components of a polymer from measurements with 19 F-NMR and 1 H- 
NMR. When it is difficult to analyze a polymer structure by the above 
methods, there is used a method of elementary analysis of fluorine in 
which 2 mg of a sample and a combustion improver (10 mg of sodium 
peroxide) are wrapped with a filter paper (filter paper No. 7 available from 
Toyo Roshi), are put in a platinum basket and then are burned in a 500 
ml flask filled with 25 ml of pure water. Immediately after the burning, 
the flask is shaken to absorb fluorine ion in pure water and then fluorine 
ion absorbed in pure water is analyzed with a fluorine ion electrode 
(fluorine ion meter model 901 available from Orion Research). 

The curable fluorine-containing prepolymer (I) of the present 
invention is preferably one having a maximum absorption coefficient of 
not more than 1 cm" 1 at a specific band to be amplified (1,290 to 1,320 
nm, 1,530 to 1,570 nm or 600 to 900 nm). Prepolymers having an 
absorption coefficient higher than that is not suitable as an optical 
amplification material used for optical communication. 

The molecular weight of the fluorine-containing prepolymer 
(I) can be selected, for example, in a range of from 500 to 1,000,000 in 
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number average molecular weight, and is preferably from 1,000 to 
500,000, particularly preferably from 2,000 to 200,000. 

If the molecular weight is too low, mechanical properties are 
apt to be insufficient even after the curing, and particularly a cured 
5 article and a cured coating film are apt to be fragile and insufficient in 
strength. If the molecular weight is too high, solubility in a solvent is 
lowered, particularly film forming property and leveling property are apt 
to be lowered at forming a thin film and storage stability of the 
fluorine-containing prepolymer is apt to be unstable. For optical 

10 applications, most preferable molecular weight is selected in a range of 
from 5,000 to 100,000 in number average molecular weight. 

It is preferable that the fluorine -containing prepolymer (I) 
itself (before curing) has a maximum absorption coefficient of not more 
than 1 cm" 1 , more preferably not more than 0.5 cm" 1 , particularly 

15 preferably not more than 0. 1 cm" 1 in a wavelength range of from 1,290 to 
1,320 nm and/ or from 1,530 to 1,570 nm and/ or from 600 to 900 nm 
and further has a refraction index nd of from 1.3 to 1.7. Adjustments 
thereof can be made by determining various kinds and contents of the 
structural unit M and kinds of the structural unit A to be used as case 

20 demands and make selection of a clad easy at forming an optical device. 

Further it is preferable that the fluorine-containing 
prepolymer is soluble in general-purpose solvents, for example, in at 
least one of ketone solvents, acetic acid ester solvents, alcohol solvents 
and aromatic solvents or in solvent mixtures containing at least one of 

25 the above-mentioned general-purpose solvents. 

When the prepolymer is soluble in general-purpose solvents, 
it is preferable because film forming property and homogeneity are 
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excellent particularly in case of forming a thin coating film of about 3 jun 
in a process for forming an optical device. The prepolymer is also 
advantageous from the viewpoint of productivity in forming an optical 
device. 

5 Being soluble in a solvent according to the present invention 

means that the fluorine-containing prepolymer is soluble in a solvent in 
an amount of 10 mg/g, preferably 20 mg/g, more preferably 50 mg/g. 

In order to obtain the fluorine-containing prepolymer (I) of 
the present invention, generally any of: 
10 (i) a method of previously synthesizing a monomer having Y 1 and then 
polymerizing, 

(ii) a method of once synthesizing a polymer having another functional 
group and then converting the functional group by high molecular 
reaction, thus introducing the functional group Y 1 into the polymer, 

15 or the like method can be employed. 

In the method (i), in order to obtain the fluorine-containing 
prepolymer (I) having a carbon-carbon double bond in its side chain 
without reacting (curing) the carbon-carbon double bond at an end of its 
side chain, it is necessary to change reactivity of two kinds of double 

20 bonds (a double bond becoming a trunk chain and a double bond 
becoming a side chain) in a (co)polymerizable monomer and thereby 
make only one of the double bonds participate in the polymerization. In 
such a method, it is difficult to select the polymerization conditions to 
obtain the fluorine-containing prepolymer having a double bond in its 

25 side chain, and also it is difficult to increase a curing reactivity of the 
double bond in the side chain of the obtained fluorine-containing 
prepolymer. Therefore the method (ii) is preferred. 
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The method (ii) is a preferable method since it is easy to 
obtain the fluorine-containing prepolymer of the present invention 
without curing reaction and also since a carbon-carbon double bond 
having a high curing reactivity can be introduced to its side chain. 
5 Among the methods (ii), as mentioned infra, there is 

preferably employed, for example, a method of obtaining the fluorine- 
containing prepolymer by synthesizing the fluorine-containing polymer 
comprising the structural unit N of fluorine-containing monomer having 
hydroxy 1 or an organic group Y 3 having hydroxyl and as case demands, 
10 the structural unit B of monomer copolymerizable with N, and then 
reacting the polymer with an unsaturated carboxylic acid or its 
derivative to introduce a carbon-carbon double bond to a side chain 
and/ or an end of a trunk chain of the polymer, preferably to an end of 
the side chain. 

15 The details of the method are explained below. 

First, the fluorine-containing prepolymer (I) is prepared by 
esterification of a fluorine-containing polymer (IV) having hydroxyl with 
an unsaturated carboxylic acid or its derivative in which the fluorine- 
containing polymer (IV) is a polymer represented by the formula (2): 

20 

-fN-H+B-H (2) 



25 



in which the structural unit N is a structural unit having hydroxyl which 
is derived from a fluorine-containing ethylenic monomer and 
represented by the formula (N): 



I 
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-tcx^-cx't- (N) 

(CX 4 X 5 i i -tC=0) b (0-feRf 1 



wherein X 1 and X 2 axe the same or different and each is H or F; X 3 is H, 
5 F, CH 3 or CF 3 ; X 4 and X 5 are the same or different and each is H, F or 
CF 3 ; Rf 1 is an organic group in which 1 to 3 of Y 3 (Y 3 is hydroxyl or a 
monovalent organic group having hydroxyl and 1 to 10 carbon atoms) 
are bonded to a fluorine-containing alkyl group having 1 to 40 carbon 
atoms or a fluorine-containing alkyl group having 2 to 100 carbon atoms 
10 and ether bond; a is 0 or an integer of from 1 to 3; b and c are the same 
or different and each is 0 or 1, 

the structural unit B is a structural unit derived from monomer 
copolymerizable with the fluorine-containing ethylenic monomer having 
hydroxyl and providing the structural unit N, 
15 and the structural unit N and the structural unit B are contained in 
amounts of from 0.1 to 100 % by mole and from 0 to 99.9 % by mole, 
respectively. 

In the above-mentioned process for preparing the fluorine- 
containing prepolymer (I), examples of the preferable structural unit N of 

20 the fluorine-containing polymer (IV) having hydroxyl which is a 
precursor represented by the formula (2) are structures which 
correspond to the above-exemplified respective structural units M of the 
fluorine-containing prepolymer (I) and have the Y 3 having OH group 
instead of the Y 1 having a carbon-carbon double bond. Those 

25 structural units can be used preferably. As the structural unit B, there 
can be preferably used the same structural units as the above- 
mentioned structural unit A. 
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The unsaturated carboxylic acid or its derivative which is 
reacted with the fluorine- containing polymer (IV) having hydroxyl may 
be any of carboxylic acids or derivatives thereof having a carbon-carbon 
double bond at an end thereof. Particularly preferred are a,p- 
5 unsaturated carboxylic acids or derivatives thereof. 

Examples thereof are, for instance, carboxylic acids 
represented by: 

10 CH 2 =C 

^COOH 

wherein R is H, CH 3 , F, CF 3 or CI, or anhydrides thereof, acid halides 
represented by: 



15 



CH 2 =C 

"^COX 



20 wherein R is as defined above, X is CI or F, and in addition, maleic acid, 
maleic anhydride, monoalkylester of maleic acid and the like. 

Among them, unsaturated carboxylic acid halides are 
preferred since the reaction can be carried out at room temperature and 
gelling of a prepared polymer can be prevented. 

25 Particularly preferred are: 



CH 3 F 

I I 
CH 2 =CHCOCl, CH 2 =CCOCl and CH 2 =CCOF 
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The method of reacting the fluorine-containing polymer (IV) 
having hydroxyl with a,p-unsaturated carboxylic acid halide is not 
limited particularly and is usually carried out by dissolving the 
fluorine-containing polymer (IV) having hydroxyl in a solvent and mixing 
5 the a,|3-unsaturated carboxylic acid halide thereto at a temperature of 
from about -20°C to about 40°C with stirring for reaction. 

In the reaction, HC1 and HF axe produced through the 
reaction, and for capturing them, it is desirable to add a proper base. 
Examples of the base are tertiary amines such .as pyridine, N,N- 
10 dimethylaniline, tetramethylurea and triethylamine, magnesium metal 
and the like. Also an inhibitor may be present to prevent a 
polymerization reaction of the carbon-carbon double bond in the 
starting a,p-unsaturated carboxylic acid and the obtained curable 
fluorine-containing prepolymer during the reaction. 
15 Examples of the inhibitor are hydroquinone, t-butyl 

hydroquinone, hydroquinone monomethylether and the like. 

The fluorine-containing polymer (IV) having hydroxyl before 
the reaction with the a,0-unsaturated carboxylic acid or its derivative 
can be obtained by (co) polymerizing, through known method, the 
20 respective component units such as the ethylenic monomer (N) having 
hydroxyl and the monomer (B) when used as a copolymerizable 
component. For the polymerization, radical polymerization method, 
anion polymerization method, cation polymerization method and the like 
can be employed. Among them, the radical polymerization method is 
25 preferably used from the point that each monomer exemplified to obtain 
the fluorine-containing polymer (IV) having hydroxyl has good radial 
polymerizability, control of composition and molecular weight of the 
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obtained polymer is easy and production in an industrial scale is easy. 

In order to initiate the radical polymerization, means for 
initiation is not limited particularly as far as the polymerization proceeds 
radically. The polymerization is initiated, for example, with an organic 
5 or inorganic radical polymerization initiator, heat, light, ionizing 
radiation or the like. The polymerization can be carried out by solution 
polymerization, bulk polymerization, suspension polymerization, 
emulsion polymerization or the like. The molecular weight is controlled 
by the contents of the monomers to be used for the polymerization, the 

10 content of the polymerization initiator, the content of a chain transfer 
agent, temperature, etc. The components of the copolymer can be 
controlled by the starting monomer components. 

The compound (II) containing a rare earth metal ion and/ or a 
rare earth metal (hereinafter simply referred to as "rare earth metal 

15 element") which is an another component in the fluorine-containing 
resin composition of the present invention is contained to impart optical 
functionality, namely optical amplifying action and light emitting action 
to the resin composition. 

In the present invention, the rare earth metal element (II) is 

20 contained in the curable fluorine-containing prepolymer (I). The rare 
earth metal element (II) functions to impart optical amplifying action to 
the fluorine-containing resin composition. The rare earth metal 
element which is used in the present invention represents any of 
elements included in Group 3A of Periodic Table such as scandium (Sc), 

25 yttrium (Y) and generally called lanthanides, namely, lanthanum (La), 
cerium (Ce), praseodymium (Pr), neodymium (Nd), promethium (Pm), 
samarium (Sm), europium (Eu), gadolinium (Gd), terbium (Tb), 
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dysprosium (Dy), holmium (Ho), erbium (Er), thulium (Tm), ytterbium 
(Yb) and lutetium (Lu). The fluorine-containing resin composition of 
the present invention finally contains the rare earth metal element, and 
the rare earth metal elements may be mixed solely or in a mixture 
5 thereof. 

The rare earth metal element is usually mixed in the form of a 
halide, salt or complex compound. Concretely halides such as 
chlorides, bromides and iodides; and salts such as nitrates, perchlorates, 
bromates, acetates, sulfates and phosphates are suitable from the 

10 viewpoint of dispersibility in the curable fluorine-containing prepolymer 
(I). Also double nitrates, double sulfates, chelated compounds and 
complex can be used. Examples thereof are sulfonamides, 
sulfonimides, p-diketones, sulfonic acids, phosphoric acids and the like. 
Particularly preferred are fluorine-containing compounds thereof. 

15 Examples of the preferred rare earth metal-containing 

compounds in the present invention are praseodymium compounds 
such as praseodymium chloride, praseodymium bromide, 
praseodymium iodide, praseodymium nitrate, praseodymium 
perchlorate, praseodymium bromate, praseodymium acetate, 

20 praseodymium sulfate and praseodymium phosphate; neodymium 
compounds such as neodymium chloride, neodymium bromide, 
neodymium iodide, neodymium nitrate, neodymium perchlorate, 
neodymium bromate, neodymium acetate, neodymium sulfate and 
neodymium phosphate; europium compounds such as europium 

25 chloride, europium bromide, europium iodide, europium nitrate, 
europium perchlorate, europium bromate, europium acetate, europium 
sulfate and europium phosphate; dysprosium compounds such as 
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dysprosium chloride, dysprosium bromide, dysprosium iodide, 
dysprosium nitrate, dysprosium perchlorate, dysprosium bromate, 
dysprosium acetate, dysprosium sulfate and dysprosium phosphate; 
erbium compounds such as erbium chloride, erbium bromide, erbium 
5 iodide, erbium nitrate, erbium perchlorate, erbium bromate, erbium 
acetate, erbium sulfate and erbium phosphate; and the like. 

Further examples of the preferred rare earth metal- 
containing complex are, for instance, tris(dibenzoylmethyde) erbium (III), 
tris (benzoyl trifluoroacetonate) erbium (III) , tris(hexafluoroacetonate) 

10 erbium (III), tris(dibenzoylmethyde) neodymium (III), 
tris(benzoyltrifluoroacetonate) neodymium (III) , 

tris(hexafluoroacetonate) neodymium (III), and the like. Also tetrakis 
complex thereof such as tetrakis(hexafluoroacetonate) neodymium (III) 
may be used. Other examples are Nd[C 8 F 17 S0 2 NS0 2 C 8 F 17 ] 3 , 

15 Nd[C 4 F 9 S0 2 NS0 2 C 4 F 9 ] 3 , Nd[C 6 F 5 S0 2 NS0 2 C 6 F 5 ] 3 , 
Nd[C 4 F 9 S0 2 NS0 2 C 6 F 5 ] 3 , Nd[C 4 F 9 S0 2 NS0 2 C 8 F 17 ] 3 , 
Nd[C 6 F 13 S0 2 NS0 2 C 6 F 13 ] 3 , Nd[C 2 F 5 S0 2 NS0 2 C 2 F 5 ] 3 , 
Nd[CF 3 S0 2 NS0 2 CF 3 ] 3 , Nd[C 4 F 9 S0 2 NCOC 3 F 7 ] 3 , Nd[C 4 F 9 S0 2 NCOCF 3 ] 3 , 
Nd[0 3 SC 8 F 17 ] 3 , Nd[0 3 SCF 3 ] 3 and the like. 

20 For optical amplifying device application, praseodymium 

salts, neodymium salts and erbium salts which have an ability of 
generating near infrared fluorescence are particularly suitable. Among 
them, most suitable are neodymium salts, praseodymium salts and 
erbium salts which have an ability of generating fluorescence having a 

25 wavelength of about 1,300 nm to about 1,550 nm which are suitable 
signal wavelength for a fiber of inorganic glass such as silica glass. Also 
europium salts are most suitable for amplification of 650 nm band 



which is a wavelength of a visible light to be used for optical fiber using 
an organic high molecular weight material. For luminant application, 
thulium salts for emitting blue luminescence, terbium salts for emitting 
green luminescence and europium salts for emitting red luminescence 
are suitable. 

It is preferable that the fluorine-containing resin composition 
of the present invention finally contains from 0.001 to 25 % by weight (% 
by weight of ion) of the rare earth metal element. The content of the 
rare earth metal element varies depending on kind of the fluorine- 
containing prepolymer (I) and rare earth metal element (II). If the 
content of the rare earth metal element (II) is less than 0.001 % by 
weight, desired properties such as intended optical amplifying action 
and light emitting action are hardly exhibited. On the other hand, if the 
content of the rare earth metal element exceeds 25 % by weight, there is 
a case where dispersibility of the rare earth metal element is lowered. 
The both cases are not preferable. In applications for optical 
communication parts such as optical amplifier and for light emitting 
device, the content of the rare earth metal element is selected in the 
range of preferably from 0.01 to 20 % by weight, more preferably from 
0. 1 to 15 % by weight, most preferably from 0.5 to 10 % by weight from 
the viewpoint of fluorescence intensity. The content of the rare earth 
metal element can be measured quantitatively by burning an organic 
component in an electric oven of about 600°C and determining an ash 
content thereof or by a physical and chemical method such as 
fluorescent X-ray analysis. 

When the curable fluorine-containing prepolymer (I) of the 
present invention is used for optical communication, its absorption 
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coefficient need be not more than 1 cm" 1 in each communication band, 
namely in the wavelength ranges of from 600 to 900 nm, from 1,290 to 
1,320 nm and from 1,530 to 1,570 nm. If the absorption coefficient 
exceeds 1 cm* 1 in those wavelength ranges, the prepolymer absorbs an 
5 optical signal itself and cannot function as an amplifier. In the 
fluorine-containing composition of the present invention containing a 
rare earth metal element (II), since the rare earth metal element has 
sensitive absorption in a specific wavelength range, there is a case where 
the absorption coefficient of the composition exceeds 1 cm" 1 in such a 

10 wavelength range. Namely, an absorption wavelength of the rare earth 
metal is, for example, 980 nm, 1,480 nm, etc. in case of erbium, 820 nm, 
etc. in case of neodymium, and 1,017 nm, etc. in case of praseodymium. 
When the composition is used as a visible light emission material, it is 
desirable that the composition is transparent in a visible light range. 

15 In the optical amplifier such as an optical fiber amplifier 

which functions to compensate for attenuation of communication light, 
there is used an amplification action in which a pumping radiation 
effectively exciting the rare earth metal which emits fluorescence of the 
wavelength of communication light is passed continuously and by 

20 phenomenon of induced emission caused by the communication light 
pulse, fluorescence having the same pulse waveform as the 
communication light pulse is generated. Therefore in case where the 
fluorine-containing resin composition of the present invention is used 
for optical amplifier application, it is necessary for the composition to 

25 have an ability of generating fluorescence in a pumping radiation derived 
from the rare earth metal element (II). 

The method of introducing the rare earth metal element (II) to 



the curable fluorine-containing prepolymer (I) is not limited particularly. 
A compound (salt or complex) containing a rare earth metal element may 
be dissolved or dispersed in the curable fluorine-containing prepolymer 
(I), or the rare earth metal element may be carried on a trunk chain, a 
polymer end or a polymer side chain of the curable fluorine-containing 
prepolymer (I) by ionic bond, coordinate bond or clathration. 

For example, there are (1) a method of adding a rare earth 
metal compound (salt or complex) to a fluorine-containing monomer 
having a carbon-carbon double bond and giving the structural unit M 
and then preparing the curable fluorine-containing prepolymer (I) by a 
known synthesizing method such as melt polymerization or anion 
polymerization, (2) a method of adding and mixing a rare earth metal 
compound (salt or complex) to a solution obtained by dissolving the 
curable fluorine-containing prepolymer (I) in a solvent and then 
eliminating the solvent, (3) a method of melt-kneading the curable 
fluorine-containing prepolymer (I) and a rare earth metal compound (salt 
or complex), and the like method. In any methods, it is desirable that 
the curing is carried out after processing and molding into a final 
product. 

Among those methods, the method (2) is most suitable from 
the point that the rare earth metal compound (salt or complex) can be 
dispersed uniformly in the curable fluorine-containing prepolymer. 
Particularly suitable is the method of dissolving the curable fluorine- 
containing prepolymer in a solvent containing the rare earth metal 
compound and then heating up the obtained uniform solution to distill 
off the solvent. The composition in the form of solution or dispersion 
may be used as a starting solution in a process for forming an optical 
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device without distilling off the solvent. 

The curable fluorine-containing resin composition of the 
present invention can be obtained only from the fluorine-containing 
prepolymer (I) and the rare earth metal element (II) and may be in the 
5 form of a photo-curable composition by further adding an active energy 
curing initiator (III) such as a photo-radical generator (III- 1) or a photo- 
acid generator (III-2). 

The active energy curing initiator (III) generates a radical or a 
cation (acid) only by irradiating an active energy ray, for example, an 

10 electromagnetic wave having a wavelength of not more than 350 nm 
such as ultraviolet light, electron beam, X-ray, y-ray or the like and 
functions as a catalyst for initiating curing (crosslinking reaction) of the 
carbon-carbon double bond of the fluorine-containing prepolymer. 
Usually an initiator generating a radical or a cation (acid) by irradiation 

15 of ultraviolet light is used and particularly one which generates a radical 
is used. 

According to the fluorine-containing resin composition of the 
present invention for optical amplification materials and light emission 
materials, the curing reaction can be initiated easily with the above- 

20 mentioned active energy rays, heating at high temperature is not 
necessary and the curing reaction can be carried out at relatively low 
temperature. Therefore the fluorine-containing resin composition is 
preferred since it can be applied on a substrate, for example, a 
transparent resin substrate having a low heat resistance which is apt to 

25 be deformed, decomposed or colored due to heat. 

In the composition of the present invention, the active energy 
curing initiator (III) is optionally selected depending on kind (radical- 
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reactive or cation (acid) -reactive) of the carbon-carbon double bond in 
the fluorine-containing prepolymer (I), kind (wavelength range, etc.) of 
the active energy ray, intensity of irradiation, etc. 

Generally examples of the initiator (photo-radical generator) 
which functions to cure the fluorine-containing polymer (I) having a 
radical-reactive carbon-carbon double bond with active energy ray in an 
ultraviolet region are, for instance, those mentioned below. 
Acetophenone initiators 

Acetophenone, chloroacetophenone, diethoxyacetophenone, 
hydroxyacetophenone, ct-aminoacetophenone and the like. 
Benzoin initiators; 

Benzoin, benzoin methyl ether, benzoin ethyl ether, benzoin 
isopropyl ether, benzoin isobutyl ether, benzyldimethylketal and the 
like. 

Benzophenone initiators 

Benzophenone, benzoylbenzoic acid, methylo- 
benzoylbenzoate, 4-phenylbenzophenone, hydroxy benzophenone, 
hydroxy-propylbenzophenone, acrylated benzophenone, Michler's 
ketone and the like. 
Thioxanthone initiators 

Thioxanthone, chloro thioxanthone, methylthioxanthone, 
diethylthioxanthone, dime thy lthioxanthone and the like. 
Other initiators 

Benzyl, a-acyloxime ester, acylphosphine oxide, glyoxyester, 
3-ketocoumaran, 2-ethylanthraquinone, camphorquinone, 

anthraquinone and the like. 

Also as case demands, an auxiliary for photo-initiation such 
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as amines, sulfones or sulfines may be added. 

Also examples of the initiator (photoactive acid generator) 
which cures the fluorine-containing prepolymer (I) having a cation(or 
acid) -reactive carbon-carbon double bond are those mentioned below. 
5 Onium salts 

Iodonium salt, sulfonium salt, phosphonium salt, diazonium 
salt, ammonium salt, pyridinium salt and the like. 
Sulfone compounds 

p-ketoester, p-sulfonylsulfone, a-diazo compounds thereof 
10 and the like. 

Sulfonic acid esters 

Alkylsulfonic acid ester, haloalkylsulfonic acid ester, 
arylsulfonic acid ester, imino sulfonate and the like. 
Oth e rs 

15 Sulfonimide compounds, diazomethane compounds and the 

like. 

Examples of the radical-reactive carbon-carbon double bond 
are, for instance, those represented by the above-mentioned formula, 
namely: 

20 

-0(C=0)CX 6 =CX 7 X 8 



and examples of the cation-reactive carbon-carbon double bond are, for 
instance, those represented by the above-mentioned formulae, namely: 

25 



-OCH=CH 2 , -C-OCH=CH 2 

II 
O 
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and the like. 

As mentioned supra, the fluorine-containing resin 
composition of the present invention for optical amplification materials 
and light emission materials comprises the fluorine-containing 
5 prepolymer (I) and the compound (II) containing a rare earth metal ion 
and/ or a rare earth metal. Further if necessary, an active energy 
curing initiator may be added to form a curable fluorine-containing resin 
composition and thereto is added a solvent mentioned infra to make a 
solution of fluorine-containing resin composition for coating. Further 
10 thereto may be added a curing agent. 

Preferred curing agents are those which have at least one 
carbon-carbon unsaturated bond and can be polymerized with a radical 
or an acid. Examples thereof are radically polymerizable monomers 
such as acrylic monomers and cationically polymerizable monomers 
15 such as vinyl ether monomers. Those monomers may be 
monofunctional monomers having one carbon-carbon double bond or 
poly-functional monomers having two or more carbon-carbon double 
bonds. 

Those so-called curing agents having a carbon-carbon 
20 unsaturated bond react by a radical or a cation generated by a reaction 
of the active energy curing initiator in the composition of the present 
invention with an active energy ray such as light and can be crosslinked 
with the carbon-carbon double bond of the fluorine-containing 
prepolymer (I) in the composition of the present invention by 
25 copolymerization. 

Examples of the monofunctional acrylic monomer are acrylic 
acid, acrylic acid esters, methacrylic acid, methacrylic acid esters, a- 
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fluoroacrylic acid, a-fluoroacrylic acid esters, maleic acid, maleic 
anhydride, maleic acid esters and (me th) acrylic acid esters having epoxy, 
hydroxyl, carboxyl or the like. 

Among them, particularly preferred are acrylate monomers 
5 having fluoroalkyl group in order to maintain a high near infrared 
transparency of a cured article. For example, preferred are compounds 
represented by the formula: 

X 
I 

10 CH 2 =C-COORf 

wherein X is H, CH 3 or F; Rf is a fluorine-containing alkyl group having 2 
to 40 carbon atoms or a fluorine-containing alkyl group having 2 to 100 
carbon atoms and ether bond. 
15 Examples thereof are: 

X X 
I I 
CH 2 =C-COOCH 2 CH 2 -f/ CF 2 1g F » CH 2 =CCOOCH 2 CH 2 -f- CF 2 -fr F , 

X X 
I I 
20 CH 2 =C-COOCH 2 -f CF 2 12 H , CH 2 =CCOOCH 2 CF 3 , 

X X 

I I 
CH 2 =C-COOCH 2 -f CF 2 i4 H , CH 2 =CCOOCH 2 (CF 2 ) 6 H , 

X CF 3 X CF 3 

I T I I 

CH 2 =C-COOCH , CH 2 =C-COOC-CF 3 , 

25 CF 3 CF 3 



5 2 



X CF 3 
I I 
CH 2 =C-COOCH 2 -t CF 2 i6 CF , 

CF 3 

X CF 3 CF 3 

I I I 

CH 2 =C-COOCH 2 CF^OCF 2 CF^ n OC 3 F 7 , 

(X: H, CH 3 or F; n: an integer of from 1 to 5) 



and the like. 

As the polyfunctional acrylic monomer, there are generally 
10 known compounds obtained by replacing hydroxyl groups of polyhydric 
alcohols such as diol, triol and tetraol with acrylate groups, 
methaciylate groups or cc-fluoroacrylate groups. 

Examples thereof are compounds obtained by replacing two 
or more hydroxyl groups of polyhydric alcohols such as 1,3-butanediol, 
15 1 ,4-butanediol, 1,6-hexanediol, diethylene glycol, tripropylene glycol, 
neopentyl glycol, trimethylol propane, pentaerythritol and 
dipentaerythritol with any of acrylate groups, methacrylate groups or 
a-fluoro acrylate groups. 

Also there can be used polyfunctional acrylic monomers 
20 obtained by replacing two or more hydroxyl groups of polyhydric 
alcohols having a fluorine-containing alkyl group or a fluorine- 
containing alkylene group with acrylate groups, methacrylate groups or 
a-fluoroacrylate groups. Those monomers are preferred particularly 
from the point that a high near infrared transparency of a cured article 
25 can be maintained. 

Preferable examples thereof are compounds having 
structures obtained by replacing two or more hydroxyl groups of 



fluorine-containing polyhydric alcohols represented by the formulae: 



Rf-CH-CH 2 OH , Rf-CH 2 OCH-CH-CH 2 OH , 

OH OH 
(Rf is a fluorine-containing alkyl group having 1 to 40 carbon atoms) 

R 

I 

HOCH 2 C-COOCH 2 CH-Rf , 
\ I 
CH 2 OH OH 

(Rf is a fluorine-containing alkyl group having 1 to 40 carbon atoms; R is 
H or an alkyl group having 1 to 3 carbon atoms) 
HO-CH 2 -Rf-CH 2 OH , 
HO-CH 2 CH-CH 2 -Rf-CH 2 -CHCH 2 OH 
OH OH 

and 

T T 

HO-CH 2 C-COOCH 2 CH-Rf-CHCH 2 OC-CCH 9 OH , 

I I I II 2 

CH 2 OH OH OH O CH 2 OH 

(Rf is a fluorine-containing alkylene group having 1 to 40 carbon atoms; 

R is H or an alkyl group having 1 to 3 carbon atoms), with aery late 

groups, methaciylate groups or a-fluoroacrylate groups. 

When those exemplified monofunctional and polyfunctional 
acrylic monomers are used as the curing agent for the composition of the 
present invention, particularly preferred are a-fluoroacrylate 
compounds from the viewpoint of good curing reactivity. 

In the fluorine-containing resin composition of the present 
invention for optical amplification materials and light emission materials, 
an adding amount of the active energy curing initiator is optionally 



selected depending on the content of the carbon-carbon double bonds in 
the fluorine-containing prepolymer (I), an amount of the curing agent 
and further kinds of the initiator and active energy ray and an amount of 
irradiation energy (intensity and time) and also depending on whether or 
not the above-mentioned curing agent is used. When the curing agent 
is not used, the amount of the initiator is from 0.01 to 30 parts by weight, 
preferably from 0.05 to 20 parts by weight, most preferably from 0.1 to 
10 parts by weight based on 100 parts by weight of the fluorine- 
containing prepolymer (I). 

Concretely the amount of the initiator is from 0.05 to 50 % by 
mole, preferably from 0.1 to 20 % by mole, most preferably from 0.5 to 
10 % by mole based on the content (the number of moles) of the 
carbon-carbon double bonds contained in the fluorine-containing 
prepolymer (I). 

When the curing agent is used, the amount of the initiator is 
from 0.05 to 50 % by mole, preferably from 0.1 to 20 % by mole, most 
preferably from 0.5 to 10 % by mole based on the sum of the content 
(number of moles) of the carbon-carbon double bonds contained in the 
fluorine-containing prepolymer (I) and the number of moles of the 
carbon-carbon unsaturated bonds of the curing agent. 

To the composition of the present invention may be added 
various additives as case demands in addition to the above-mentioned 
compounds. 

Examples of the additives are, for instance, a leveling agent, 
viscosity control agent, light-stabilizer, moisture absorbing agent, 
pigment, dye, reinforcing agent and the like. 

The fluorine -containing resin composition of the present 
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invention for optical amplification materials and light emission materials 
is, as mentioned hereinafter, dissolved or dispersed in a solvent and is 
used for production of various parts for optical amplification and light 
emission. 

5 The solvent to be used for making the solution is not limited 

particularly as far as the fluorine-containing prepolymer (I), active 
energy curing initiator and additives to be added as case demands such 
as a curing agent, leveling agent and light stabilizer are uniformly 
dissolved or dispersed in it. Particularly preferred is a solvent 

10 dissolving the fluorine-containing prepolymer (I) uniformly. 

Examples of the solvent are, for instance, cellosolve solvents 
such as methyl cellosolve, ethyl cellosolve, methyl cellosolve acetate and 
ethyl cellosolve acetate; ester solvents such as diethyl oxalate, ethyl 
pyruvate, ethyl-2-hydroxybutyrate, ethyl acetoacetate, butyl acetate, 

15 amyl acetate, ethyl butyrate, butyl butyrate, methyl lactate, ethyl lactate, 
methyl 3-methoxypropionate, ethyl 3-methoxypropionate, methyl 2- 
hydroxyisobutyrate and ethyl 2-hydroxyisobutyrate; propylene glycol 
solvents such as propylene glycol monomethyl ether, propylene glycol 
monoethyl ether, propylene glycol monobutyl ether, propylene glycol 

20 monomethyl ether acetate, propylene glycol monoethyl ether acetate, 
propylene glycol monobutyl ether acetate and dipropylene glycol 
dimethyl ether; ketone solvents such as 2-hexanone, cyclohexanone, 
methyl amino ketone and 2-heptanone; alcohol solvents such as 
methanol, ethanol, propanol, isopropanol and butanol; aromatic 

25 hydrocarbons such as toluene and xylene; a solvent mixture of two or 
more thereof and the like. 

Also in order to enhance solubility of the fluorine-containing 



prepolymer (I), a fluorine-containing solvent may be used as case 
demands. 

Examples of the fluorine-containing solvent are, for instance, 
CH 3 CC1 2 F (HCFC-141b), a mixture of CF 3 CF 2 CHC1 2 and CC1F 2 CF 2 CHC1F 
(HCFC-225) , perfluorohexane, perfluoro(2-butyltetrahydrofuran) , 
methoxy-nonafluorobutane, 1,3-bistrifluoromethylbenzene, and in 
addition, fluorine -containing alcohols such as: 

H(CF 2 CF 2 -kCH 2 OH (n: an integer of from 1 to 3) , 
F(CF 2 i- n CH 2 OH (n: an integer of from 1 to 5) and 
CF 3 CH(CF 3 )OH , 

benzotrifluoride, perfluorobenzene, perfluoro(tributylamine) , 

C1CF 2 CFC1CF 2 CFC1 2 and the like. 

Those fluorine-containing solvents may be used solely, in a 
mixture thereof or in a mixture of one or more of the fluorine-containing 
solvents and non-fluorine -containing solvents. 

Among them, ketone solvents, acetic acid ester solvents, 
alcohol solvents and aromatic solvents are preferred from the viewpoint 
of coatability and productivity of a coating film. 

The fluorine-containing resin composition of the present 
invention is formed into a cured article by photo-curing and is used as a 
part of an optical amplifying device such as an optical amplifier and as a 
part of a light emitting device. 

The cured article is one having a maximum absorption 
coefficient of not more than 1 cm" 1 in a wavelength ranges of from 600 to 
900 nm, from 1,290 to 1,320 nm and from 1,530 to 1570 nm. 
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The second of the present invention relates to the optical 
amplification material obtained by curing the fluorine-containing resin 
composition explained above and relates to the optical amplifying device 
in which the material is used on its core portion. 
5 The third of the present invention relates to the light emission 

material obtained by curing the above-mentioned fluorine-containing 
resin composition and relates to the light emitting device in which the 
material is used on a part or the whole thereof, for example, the light 
emitting device using the light emission material on its core portion. 

10 For producing the optical amplifying device or the light 

emitting device by using the fluorine-containing resin composition of the 
present invention, there can be used a method of dissolving the 
fluorine-containing resin composition in a proper solvent to obtain a 
coating solution; applying the coating solution on the given substrate to 

15 form the film of the fluorine-containing composition of the present 
invention; carrying out, through a known method, patterning of the film 
to a shape of an optical amplifying portion or a light emitting portion to 
form the optical amplifying portion or the light emitting portion; and 
then curing, preferably photo-curing. When the active energy curing 

20 initiator is blended, the composition curable with active energy ray 
(light) is obtained and therefore the patterning can be carried out using a 
photolithography technology. 

The coating solution containing the composition of the 
present invention for forming the pattern of the optical amplifying 

25 portion or the light emitting portion may contain additives such as a 
curing agent, leveling agent and light stabilizer as case demands. The 
solvent for making the coating solution is not limited particularly as far 
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as the composition of the present invention is uniformly dissolved or 
dispersed in it. Particularly preferred are the above-mentioned 
general-purpose solvents dissolving the curable fluorine-containing 
prepolymer (I) uniformly. 
5 The optical amplifying device is a kind of optical wave-guide 

device having a core portion and a clad portion, and generally means a 
device which amplifies intensity of signal while the signal is passing 
through the core portion of the optical wave-guide formed on a substrate. 
In the optical amplifying device, it is necessary to form the core portion 

10 using a material having an optical amplifying ability. 

The optical amplifying device of the present invention 
comprises the core portion (a portion of optical wave-guide having an 
optical amplifying ability) made of the fluorine-containing resin 
composition of the present invention containing a rare earth metal. 

15 When the fluorine-containing resin composition of the 

present invention is used on the core portion of the optical amplifying 
device, a proper material for the clad portion is required. Though it is 
necessary to use the clad material having a refractive index lower than 
that of the core material, when the fluorine-containing resin composition 

20 of the present invention is used on the core portion, the clad material is 
not limited particularly and conventional organic materials can be used. 
It is a matter of course that the above-mentioned curable fluorine- 
containing prepolymer (I) may be used as it is. 

The light emitting device of the present invention 

25 encompasses, for example, electroluminescent device, luminescent 
organic polymer, light emission diode, optical fiber laser, laser device, 
optical fiber, back lighting system for liquid crystal displays, 
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photodetector and the like and can be applied on a large size display, 
illumination, liquid crystal, photo-disk, laser printer, laser for medical 
use, laser processing machine, printing machine, copying machine, etc. 

In case of the light emitting device comprising the core 
5 portion and clad portion, like the optical amplifying device, it is possible 
that the light emission material of the present invention is used on the 
core portion, and on the clad portion is used a conventional organic 
material, for example, the above-mentioned fluorine-containing 
prepolymer (I) as it is. 

10 The optical amplifying device and light emitting device of the 

present invention can be produced by known method except that the 
fluorine-containing resin composition of the present invention is used on 
the core portion. 

General steps for producing optical devices (optical 

15 amplifying device and light emitting device) are shown in Fig. 1 . First, a 
lower clad layer 2 is formed on a substrate 1 . The clad layer 2 is formed 
using a material having a refractive index lower than that of a core layer 
3. Then the core layer 3 is formed on the lower clad layer 2 using the 
fluorine-containing resin composition of the present invention. Further 

20 a mask pattern of an optical wave-guide is formed on the core layer 3 
using a photo mask 4 through a photolithograph method. On the core 
layer 3 having the mask pattern formed thereon, etching is carried out 
through RIE (reactive ion etching) method to form a core pattern 5 of the 
optical wave-guide. After removing the mask, an upper clad layer 6 is 

25 formed on the core pattern 5 of the optical wave-guide. Thus the optical 
devices (optical amplifying device and light emitting device) are formed. 

Also the optical amplifying device and light emitting device of 
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the present invention can provide a multi-functional optical circuit when 
integrated with other optical devices. Examples of the other optical 
device are an optical switch, optical filter, optical branching device, etc. 
Particularly preferred is an optical circuit having, on the same substrate, 
5 the optical amplifying device of the present invention and an optical 
branch device having a N-branching wave-guide (N represents an integer 
of 2 or more) which is made of the same material as the core portion of 
the optical amplifying device and is connected to an output end of the 
core portion because the optical circuit can be a branch device assuring 

10 a small optical loss. 

The present invention is then explained by means of 
examples and preparation examples, but is not limited to the examples. 

In the following Examples and Preparation Examples, 
equipment and measuring conditions used for evaluation of physical 

15 properties are as follows. 

(1) NMR: NMR analyzer is AC-300 available from BRUKER CO., LTD. 
Measuring conditions of X H-NMR: 300 MHz (tetramethylsilane = 0 ppm) 
Measuring conditions of 19 F-NMR: 300 MHz (trichlorofluoromethane = 0 
ppm) 

20 A ratio of conversion to CH 2 =CF-C(=0)- (a-fluoroacryloyl) (5.2 

to 5.8 ppm (2H)) can be calculated from the data of *H-NMR analysis, 
and a ratio of a-fluoroacryloyl group (-1 16 to -1 18 ppm (IF)) / CF 2 and 
CF 3 in a side chain (-85 to -75 ppm (10F)) can be calculated from the 
data of 19 F-NMR analysis by usual method. 

25 (2) IR analysis: Measuring is carried out at room temperature with a 
Fourier- transform infrared spectrophotometer 1760X available from 
Perkin Elmer Co., Ltd. 
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(3) GPC: A number average molecular weight is calculated from data 
measured by gel permeation chromatography (GPC) by using GPC 
HLC-8020 available from Toso Kabushiki Kaisha and columns available 
from Shodex Co., Ltd. (one GPC KF-801, one GPC KF-802 and two GPC 
5 KF-806M were connected in series) and flowing tetrahydrofuran (THF) as 
a solvent at a flowing rate of 1 ml/ minute. 

P RE P ARATI O N EXA M PLE 1 
(Synthesis of homopolymer of fluorine-containing allyl ether having OH 
10 group) 

A 100 ml four-necked glass flask equipped with a stirrer and 
thermometer was charged with 20.4 g of perfluoro-(l, 1,9,9-tetrahydro- 
2 ,5-bistrifluoromethyl-3 ,6-dioxanonenol) : 

15 CH 2 =CFCF 2 OCFCF 2 OCFCH 2 OH 

CF 3 CF 3 

and 21.2 g of a perfluorohexane solution of 8.0 % by weight of: 

20 [H-tCF 2 CF a i3COO-fe 

and after the inside of the flask was sufficiently replaced with nitrogen 
gas, stirring was carried out at 20°C for 24 hours in nitrogen gas stream 
and a solid having a high viscosity was produced. 
25 The obtained solid was dissolved in diethyl ether and poured 

into perfluorohexane, followed by separating and vacuum drying to 
obtain 17.6 g of a transparent colorless polymer. 
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According to 19 F-NMR, X H-NMR and IR analyses, the polymer 
was a fluorine-containing polymer consisting of the structural unit of the 
above-mentioned fluorine-containing allyl ether and having hydroxyl at 
an end of its side chain. The number average molecular weight of the 
5 polymer was 9,000 according to the GPC analysis using tetrahydrofuran 
(THF) as a solvent and the weight average molecular weight thereof was 
22,000. 

PREPA R A T I O N EX A MPLE 2 
10 (Synthesis of copolymer of fluorine-containing allyl ether having OH 
group) 

A 100 ml four-necked glass flask equipped with a stirrer and 
thermometer was charged with 9.6 g of perfluoro-tlyl^^-tetrahydro- 
2,5-bistrifluoromethyl-3,6-dioxanonenol): 

15 

CH 2 =CFCF 2 OCFCF 2 OCFCH 2 OH 
CF 3 CF 3 



and 9.6 g of methyl 9H,9H-perfluoro-2,5-dimethyl-3,6-dioxa-8- 
20 nonenoate: 



CH 2 =CFCF 2 OCFCF 2 OCFCOOCH 3 , 
CF 3 CF 3 



25 followed by stirring sufficiently and then adding 2.0 g of a 
perfluorohexane solution of 8.0 % by weight of: 
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[H-tCF 2 CF 2 i3-COOi2 

and after the inside of the flask was sufficiently replaced with nitrogen 
gas, stirring was carried out at 20°C for 20 hours in nitrogen gas stream 
5 and a solid having a high viscosity was produced. 

The obtained solid was dissolved in acetone and poured into 
a solution of HCFC225/n-hexane==l/ 1, followed by separating and 
vacuum drying to obtain 15.5 g of a transparent colorless polymer. 

According to 19 F-NMR, 1 H-NMR and IR analyses, the polymer 
10 was a fluorine-containing copolymer comprising the structural unit of 
the above-mentioned fluorine-containing allyl ether having hydroxyl and 
the structural unit of the fluorine-containing allyl ether having methyl 
ester structure. The ratio thereof was 42:58 (mole ratio) according to 
NMR analysis. 

15 The number average molecular weight of the copolymer was 

7,200 according to the GPC analysis using tetrahydrofuran (THF) as a 
solvent and the weight average molecular weight thereof was 1 1,000. 

PREPARATION EXAMPLE 3 
20 (Synthesis of curable fluorine-containing prepolymer having a- 
fluoroacryloyl group) 

A 200 ml four-necked flask equipped with a reflux condenser, 
thermometer, stirrer and dropping funnel was charged with 80 ml of 
diethyl ether, 5.0 g of the fluorine-containing allyl ether homopolymer 
25 having hydroxyl which was obtained in Preparation Example 1 and 2.0 g 
of pyridine, followed by cooling to 5°C or lower with ice. 

A solution obtained by dissolving 2.0 g of a-fluoroacrylic acid 
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fluoride CH 2 =CFCOF in 20 ml of diethyl ether was added thereto 
dropwise over about 30 minutes while stirring in nitrogen gas stream. 

After completion of the addition, the flask temperature was 
raised to room temperature and the stirring was further continued for 
5 4.0 hours. 

The ether solution after the reaction was put in the dropping 
funnel, followed by washing with water, 2 % hydrochloric acid solution, 
5 % NaCl solution and water and then drying with anhydrous 
magnesium sulfate. Then the ether solution was filtered for separation. 
10 Thus a curable fluorine-containing prepolymer was obtained. 

According to 19 F-NMR analysis of the ether solution, a 
conversion was nearly 100 %. 

The ether solution was coated on a NaCl plate and formed 
into a cast film at room temperature. According to IR analysis of the 
15 cast film, an absorption of a carbon-carbon double bond was observed at 
1,661 cm' 1 , and an absorption of C=0 group was observed at 1,770 
cm" 1 . 

PREPARATION EXAMPLE 4 
20 (Synthesis of curable fluorine-containing prepolymer having a- 
fluoroacryloyl group) 

A curable fluorine-containing prepolymer (ether solution) was 
synthesized in the same manner as in Preparation Example 3 except 
that the copolymer of fluorine-containing allyl ether having hydroxyl 
25 which was obtained in Preparation Example 2 was used. 

According to 19 F-NMR analysis of the obtained prepolymer, a 
conversion was nearly 100 %. 
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According to IR analysis, an absorption of a carbon-carbon 
double bond and an absorption of C=0 group were observed at the same 
positions, respectively as in Preparation Example 3. 

5 REFERENCE EXAMPLES 1 to 2 

(Physical properties of cured article) 

(1) Preparation of fluorine-containing resin composition 

After methyl ethyl ketone (MEK) was added to the curable 

fluorine-containing prepolymers (ether solutions) having ct- 
10 fluoroacryloyl group which were obtained in Preparation Examples 3 

and 4, ether was distilled off with an evaporator to adjust concentrations 

of the respective polymers to 50 % by weight. 

To 10 g of the obtained polymer solution was added, as an active 

energy curing initiator, 0.1 g of 2-hydroxy-2-methylpropiophenone. 
15 (2) Measurement of refractive index of curable fluorine-containing 

prepolymer 

The 8 % MEK solution of the curable fluorine-containing 
prepolymer (the polymer solution before adding the curing initiator in (1) 
above) was coated on a polyester film with an applicator so that a coating 

20 thickness after the drying became about 100 \im. After vacuum drying 
at 50°C for ten minutes, the obtained cast film was peeled from the 
polyester film and a refractive index thereof was measured using an 
Abbe's refractometer at 25°C with light having a wavelength of 550 nm. 
The results are shown in Table 1 . 

25 (3) Measurement of refractive index of cured film 

The composition prepared in (1) above was coated on an 
aluminum foil with an applicator so that a coating thickness became 
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about 100 \im, followed by vacuum-drying at 50°C for ten minutes. 
After the drying, the un-cured film was irradiated with ultraviolet light 
using a high pressure mercury lamp at room temperature at an intensity 
of 1,000 mJ/cm 2 U and, the aluminum foil was melted with diluted 
5 hydrochloric acid to obtain a cured film. A refractive index of the 
obtained cured film was measured in the same manner as in (2) above. 

(4) Method of measuring absorption coefficient 

The composition prepared in (1) above was coated on an 
aluminum foil with an applicator so that a coating thickness became 

10 about 1 mm, followed by vacuum-drying at 50°C for ten minutes. After 
the drying, the un-cured film was irradiated with ultraviolet light using a 
high pressure mercury lamp at room temperature at an intensity of 
1,000 mJ/cm 2 U and, the aluminum foil was melted with diluted 
hydrochloric acid to obtain a cured film. Light absorption (absorption 

15 coefficient) of the obtained cured film was measured using a 
spectrophotometer U3410 available from Hitachi, Ltd. with light having 
a wavelength of 650 nm, 1,310 nm and 1,550 nm, respectively. The 
results are shown in Table 1 . 

(5) Measurement of solubility in solvent 

20 The un-cured film obtained in (4) above was irradiated with 

ultraviolet light (1,000 mJ/cm 2 U, room temperature) and solubility in a 
solvent before and after the light irradiation was compared. The results 
are shown in Table 1 . 

The produced sample in the form of a film was dipped in 

25 acetone and the condition thereof after a lapse of one hour at room 
temperature was observed with naked eyes and evaluated by the 
following criteria. 
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O: There is no change in appearance. 
X : Dissolved in acetone. 

(6) Measurement of thermal characteristic (DSC) 

With respect to the un-cured film and cured film obtained in 
5 (4) above, thermal characteristics thereof were measured at a 
temperature raising rate of 10°C/min using a differential calorimeter 
(DSC-50 available from Shimadzu Corporation), and it was found that 
any films had no peak indicating a clear crystalline melting point and 
were non-crystalline. 

10 (7) Evaluation of heat resistance 

The cured film obtained in (4) above was allowed to stand at 
150°C for one hour and a change in its form was observed and evaluated 
by the following criteria. The results are shown in Table 1. 
O: There is no change in appearance. 

15 X : The film could not maintain its original form. 

(8) Measurement of thermal decomposition temperature 

With respect to the cured film obtained in (4) above, a 
thermal decomposition temperature was measured in nitrogen gas 
atmosphere at a temperature raising rate of 10°C/min using a 

20 thermogravimeter (TGA-50 available from Shimadzu Corporation). The 
thermal decomposition temperature was assumed to be a temperature 
where the weight of the film was reduced by 10 % by weight. The 
results are shown in Table 1 . 



25 COMPARATIVE REFERENCE EXAMPLE 1 

With respect to the un-cured article of fluorine-containing 
polymer having a-fluoroaciyloyl group which was obtained in 
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Preparation Example 3, each property shown in Table 1 was determined. 
The results are shown in Table 1 . 
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It can be seen from the above-mentioned results that the 
curable fluorine-containing resin which is used in the present invention 
is a material which has a high transparency and heat resistance and can 
be subjected to photo-curing and photo-lithographing. 

5 

EXAMPL E I 

(Preparation of fluorine-containing resin composition containing rare 
earth metal) 

A 100 ml four-necked glass flask equipped with a stirrer and 
10 thermometer was charged with 2.00 g of fluorine-containing allyl ether 
homopolymer having a-fluoroaciyloyl group which was obtained in 
Preparation Example 3 and 15 g of methanol, and then a solution 
obtained by dissolving 0.60 g (1.50 mmol) of europium acetate (III) 
tetrahydrate (Eu(CH 3 COO) 3 -4H 2 0) in 8 g of water was added thereto 
15 dropwise over five minutes with stirring. After completion of the 
addition, 2-hour stirring was continued, followed by allowing to stand 
for 30 minutes to precipitate a viscous solid. The supernatant 
methanol solution was removed by decantation and the solid was 
washed with acetone three times and then vacuum-dried at 60°C for 12 
20 hours to obtain 1.82 g of the fluorine-containing resin composition 
containing rare earth metal of the present invention as a colorless 
transparent solid. 

E XA MP LE 2 

25 (Preparation of fluorine-containing resin composition containing rare 
earth metal) 

A 100 ml four-necked glass flask equipped with a stirrer and 
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thermometer was charged with 1.98 g of fluorine -containing allyl ether 
homopolymer having a-fluoroacryloyl group which was obtained in 
Preparation Example 3 and 15 g of methanol, and a solution obtained by 
dissolving 0.61 g (1.61 mmol) of erbium chloride hexahydrate 
5 (ErCl 3 -6H 2 0) in 3 g of methanol was added thereto dropwise over five 
minutes with stirring. After completion of the addition, 2-hour stirring 
was continued, followed by heating up to 60°C while concentrating the 
solution with an evaporator. The heating was continued for one hour to 
obtain 2.08 g of the fluorine-containing resin composition containing 
10 rare earth metal of the present invention as a light-pink solid. 



EXAMPLE 3 

(Preparation of fluorine-containing resin composition containing rare 
earth metal) 

15 The fluorine-containing resin composition containing rare 

earth metal of the present invention as a colorless transparent solid was 
prepared in an amount of 1.78 g in the same manner as in Example 1 
except that the fluorine-containing allyl ether copolymer having a- 
fluoroacryloyl group which was obtained in Preparation Example 4 was 

20 used. 



EXA MP LES 4 to 7 
(Determination of curing reactivity by IR analysis) 
(1) Preparation of fluorine-containing resin composition for coating 
25 Coating compositions were prepared using the curable 

fluorine-containing prepolymers obtained in Examples 1 to 3, 
respectively by the same procedures as in Reference Example 1 so that 
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10 



15 



the concentration of polymer and the amount of active energy curing 
initiator became those shown in Table 2. 

(2) Production of film for IR analysis 

The above-mentioned coating compositions were coated on a 
polyester film with an applicator so that a coating thickness after drying 
became about 100 jim, followed by drying at 50°C for five minutes. 
Then the obtained un-cured films were peeled from the polyester film to 
obtain un-cured cast films. 

(3) Measurement of curing reactivity by IR analysis 

According to IR analysis of the un-cured films, an absorption 
of a carbon-carbon double bond in the polymer was observed at 1,661 
cm" 1 . 

(4) Measurement of ratio of curing reaction 

Attention was directed to the absorption of the carbon- 
carbon double bond, and a change in intensity of the absorption after 
the light irradiation was measured. A ratio of curing reaction was 
calculated by the following equation. 



20 



r 

l - 



Peak height at 1,661 cm 1 after light irradiation 
Peak height at 1,661 cm"* 1 before light irradiation _> 



x 100 % 



The un-cured films obtained in (2) above were irradiated with 
ultraviolet light at room temperature in irradiation amounts shown in 
25 Table 2 using a high pressure mercury lamp, and cured films were 
obtained. The amount of irradiation was changed and the ratio of 
curing reaction represented by the above equation was calculated. The 
results are shown in Table 2. 
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P R EP AR ATIO N EXA MP LE 5 
(Synthesis of curable fluorine-containing prepolymer having a- 
fluoroacryloyl group) 

A curable fluorine-containing prepolymer (ether solution) was 
5 synthesized in the same manner as in Preparation Example 3 except 
that 2.0 g of ct-fluoroacrylic acid fluoride (CH 2 =CFCOF) and 2.0 g of 
pyridine were used. 

According to 19 F-NMR analysis of the ether solution of the 
prepolymer, the prepolymer was a copolymer comprising a fluorine- 
10 containing allyl ether having -CCF=CH 2 group and a fluorine-containing 

O 

allyl ether having OH group in a ratio of 84: 16 % by mole. 

According to IR analysis, an absorption of a carbon-carbon 
double bond and an absorption of C=0 group were observed at the same 
15 positions as in Preparation Example 3, respectively. The fluorine 
content was 56 % by weight and according to DSC analysis, it was 
confirmed that the polymer was non-crystalline. 



E X AM PLE 8 

20 (Preparation of fluorine-containing resin composition containing rare 
earth metal) 

The fluorine-containing resin composition containing rare 
earth metal as a colorless transparent solid was prepared in an amount 
of about 2 g in the same manner as in Example 1 except that the 
25 fluorine-containing allyl ether copolymer having a-fluoroacryloyl group 
which was obtained in Preparation Example 5 was used. 
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EXAM P LES 9 t o 1 1 
(Determination of curing reactivity by IR analysis) 

(1) Preparation of photo-curable fluorine-containing resin composition 

Respective compositions were prepared using the curable 
5 fluorine-containing resin composition obtained in Example 8 by the 
same procedures as in Reference Example 1 so that the concentrations 
of polymer and kinds and amounts of active energy curing initiator 
became those shown in Table 3. 

(2) Production of film for IR analysis 

10 The films were produced in the same manner as in Example 

4. 

(3) Measurement of ratio of curing reaction by IR analysis 

A ratio of curing reaction when light irradiation was carried 
out in an irradiation amount of 1,500 mJ/cm 2 was calculated in the 
15 same manner as in Example 4. The results are shown in Table 3. 



20 



EXAMPLE 12 

A photo-curable fluorine-containing resin composition was 
prepared by adding, as a curing agent, 



CH 2 =CF-C-OCH 2 C 6 F 12 CH 2 0-C-CF=CH 2 
O O 



to the photo-curable composition obtained in Example 9 in an amount of 
25 20 % by weight based on the polymer. 

A film for IR analysis was produced using this resin 
composition in the same manner as in Example 9, and a ratio of curing 
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reaction was determined. 



The results are shown in Table 3. 
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P REPARA T I O N EXAMPLE 6 
(Synthesis of fluorine-containing allyl ether homopolymer having OH 
group) 

Synthesis of a polymer and refining of the obtained polymer 
5 were carried out in the same manner as in Preparation Example 1 except 
that 20.0 g of perfluoro-(l,l,9,9-tetrahydro-2,5-bistrifluoromethyl-3,6- 
dioxanonenol) and 10.0 g of a perfluorohexane solution of 8.0 % by 
weight of: 



10 [H-fCF 2 CF 2 1jCOOi- 2 



were used. Thus 18.2 g of a transparent colorless polymer was 
obtained. 

According to 19 F-NMR, 1 H-NMR and IR analyses, the 
15 obtained polymer was a fluorine-containing polymer consisting of the 
structural unit of the above-mentioned fluorine-containing allyl ether 
and having hydroxyl at an end of its side chain. The number average 
molecular weight of the polymer was 30,000 according to the GPC 
analysis using tetrahydrofuran (THF) as a solvent and the weight 
20 average molecular weight thereof was 59,000. 

P R E PA R A TIO N EXAM P LE 7 
(Synthesis of copolymer comprising fluorine-containing allyl ether 
having OH group and vinylidene fluoride) 
25 A 300 ml stainless steel autoclave equipped with a valve, 

pressure gauge and thermometer was charged with 34.2 g of perfluoro- 
(l,l,9,9-tetrahydro-2,5-bistrifluoromethyl-3,6-dioxanonenol), 200 g of 



! 
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CH 3 CC1 2 F (HCFC-141b) and 0.16 g of methanol solution of 50 % by 
weight of dinormalpropyl peroxy carbonate (NPP). While cooling with 
dry ice/methanol solution, the inside of a system was sufficiently 
replaced with nitrogen gas. Then 5.8 g of vinylidene fluoride (VdF) was 
5 introduced through the valve, followed by a reaction while shaking at 
40°C. With the advance of the reaction, 12 hours after starting of the 
reaction, a gauge pressure inside the system lowered from 4.4 MPaG (4.5 
kgf/cm 2 G) before the reaction to 0.98 MPaG (1.0 kgf/cm 2 G). 

At that time, un-reacted monomer was released and a 
10 precipitated solid was removed and dissolved in acetone, followed by 
re-precipitation with a solvent mixture of hexane and toluene (50/50) to 
separate a copolymer. The copolymer was vacuum-dried until a 
constant weight was reached. Thereby 31.2 g of a copolymer was 
obtained. 

15 The components of the copolymer were VdF and the 

fluorine-containing allyl ether having OH group in a ratio of 55:45 % by 
mole according to 1 H-NMR and 19 F-NMR analyses. The number 
average molecular weight of the copolymer was 12,000 according to the 
GPC analysis using THF as a solvent and the weight average molecular 

20 weight thereof was 18,000. 

P REP A R A TION E X AMPLE 8 
(Synthesis of fluorine-containing active energy curing initiator) 

A 200 ml four-necked flask equipped with a reflux condenser, 
25 thermometer, stirrer and dropping funnel was charged with 2.0 g of 2- 
hydroxy-2-methylpropiophenone, 1.0 g of pyridine and 20 g of a mixture 
(HCFC-225) of CF 3 CF 2 CHC1/CC1F 2 CF 2 CHC1F and was cooled to 5°C or 
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lower with ice. 

Thereto was added dropwise 2.5 g of: 

FC-C 6 F 12 -CF 

II II 
5 O O 

over one hour with stirring in nitrogen gas stream. After completion of 
the addition, the stirring was further continued for 4.0 hours. 

After the reaction, the ether solution was put in the dropping 
funnel and washed with 2 % hydrochloric acid solution and 5 % NaCl 
solution, followed by separation of an organic layer, drying with 
anhydrous magnesium sulfate and distillation to isolate 2.6 g of a 
product (yield: 62 %). 

According to X H-NMR, 19 F-NMR and IR analyses, the product 

was: 

Q-C-j-OC-tCF^CO-i-C-Q 
O CH 3 O O CH 3 O 

20 

P RE P ARA T I O N EXA MP LE 9 
(Synthesis of curable fluorine-containing prepolymer having a- 
fluoroacryloyl group) 

A 200 ml four-necked flask equipped with a reflux condenser, 
25 thermometer, stirrer and dropping funnel was charged with 40 ml of 
methyl ethyl ketone (MEK), 5.0 g of the fluorine-containing allyl ether 
homopolymer having hydroxyl which was obtained in Preparation 



10 



15 
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Example 2 and 2.0 g of pyridine, and was cooled to 5°C or lower with ice. 

Thereto was added dropwise 1.2 g of a-fluoroacrylic acid 
fluoride over about 30 minutes with stirring in nitrogen gas stream. 
After completion of the addition, the flask temperature was raised to 
room temperature and the stirring was further continued for 4.0 hours. 

After the reaction, the MEK solution was put in the dropping 
funnel and washed with water, 2 % hydrochloric acid solution, 5 % NaCl 
solution and water, followed by separation of an organic layer and drying 
with anhydrous magnesium sulfate to obtain a curable fluorine- 
containing prepolymer. A concentration of the polymer after filtrating 
was 10.7 % by weight. 

According to 19 F-NMR analysis of the MEK solution, the 
obtained prepolymer was a copolymer comprising a fluorine-containing 
allyl ether having -CCF=CH 2 group and a fluorine-containing allyl ether 

O 

having OH group in a ratio of 89: 1 1 % by mole. 

According to IR analysis which was carried out in the same 
manner as in Preparation Example 3, an absorption of a carbon-carbon 
double bond and an absorption of OO group were observed at 1,660 
cm" 1 and 1,770 cm" 1 , respectively. The fluorine content of the 
copolymer was 56 % by weight and according to DSC analysis, it was 
confirmed that the copolymer was non-crystalline. 

PREPARATION EXAMPLE 1 O 
(Synthesis of curable fluorine-containing prepolymer having a- 
fluoroacryloyl group) 

A curable fluorine-containing prepolymer (MEK solution) was 



- 82 - 

synthesized in the same manner as in Preparation Example 9 except 
that 5.0 g of the copolymer of fluorine-containing allyl ether having OH 
group and VdF which was obtained in Preparation Example 7, 2.2 g of 
pyridine and 2.0 g of ct-fluoroaciylic acid fluoride were used. A 
5 concentration of the polymer was 9.9 % by weight. 

According to 19 F-NMR analysis of the prepolymer, the 
conversion was nearly 100 %. The fluorine content of the prepolymer 
was 56 % by weight and according to DSC analysis, it was confirmed 
that the prepolymer was non-crystalline. 

10 

EXA M PLE 1 3 

(1) Preparation of photo-curable fluorine-containing resin composition 
containing rare earth metal 

MEK was added to the curable fluorine-containing polymer 

15 (MEK solution) obtained in Preparation Example 9 to adjust the 
concentration of polymer to 8 % by weight. Further in the MEK solution 
was dissolved Eu-acetylacetone complex so that its concentration 
became 1 % by weight. 

To the MEK solution of the fluorine-containing resin 

20 composition containing rare earth metal was added 2-hydroxy-2- 
methylpropiophenone as the active energy curing initiator so that its 
amount became 2.0 % by weight based on the polymer. However the 
solution became turbid in white and there could not be obtained 
compatibility therebetween. 

25 Therefore the fluorine-containing active energy curing 

initiator obtained in Preparation Example 8 was added instead of 2- 
hydroxy-2-methylpropiophenone so that its amount became 3.6 % by 
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weight based on the polymer. As a result, a transparent colorless 
solution was obtained and there was compatibility therebetween. The 
solution was the photo-curable fluorine-containing resin composition 
containing rare earth metal of the present invention. 
5 (2) Evaluation of photo-curable composition 

The photo-curable fluorine-containing resin composition 
containing the active energy curing initiator which was obtained in (1) 
above was formed into un-cured films having various thicknesses using 
an applicator. The films were irradiated with ultraviolet light at room 

10 temperature at an intensity of 3,000 mJ/cm 2 U using a high pressure 
mercury lamp to obtain cured films. With respect to the obtained cured 
films, the following measurements were made, 
(i) Measurement of fluorescent spectrum 

An absorption spectrum in the wavelength region of from 300 

15 to 1,700 nm was measured with a self-recording spectrophotometer (U- 
34110 available from Hitachi, Ltd.) to obtain an absorption wavelength 
corresponding to a peak absorbance which was assumed to be an 
excitation wavelength for the following fluorescence measurement. In 
case of a sample containing europium, an absorption wavelength 

20 derived from europium which was obtained in the above-mentioned 
measurement of absorption spectrum was assumed to be an excitation 
wavelength, and a fluorescent spectrum in the wavelength region of from 
300 to 700 nm was measured with a fluorophotometer (F-3040 available 
from Hitachi, Ltd.). In case of a sample containing erbium, since it is 

25 known that a fluorescence around 1,500 nm in near infrared region is 
generated, whether or not there is a near infrared luminescence was 
observed with a near infrared camera (C-5840 available from 
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Hamamatsu Photonics Kabushiki Kaisha). The results are shown in 
Table 4. 

(ii) Measurement of refractive index 

A refractive index was measured using an Abbe's 
5 refractometer at 25°C with light having a wavelength of 550 nm. The 
results are shown in Table 4. 

(iii) Content of cation of rare earth metal 

A sample in an amount of about 2 g was measured 
precisely and subjected to ashing completely at 600°C in an electric 
10 oven. The content of cation was calculated from a weight percent of 
the residue. The results are shown in Table 4. 

(iv) Measurement of fluorescence life time 

A luminescence life time of the cured film (time required 
when an intensity of luminescence just after excitation of pulse 

15 decreases to 37 %) was measured and was about 0.8 ms. This 
luminescence life time is longer by about 10 4 times to about 10 6 times 
as compared with usual dye compounds (for example, fluorescein, 
rhodamine, etc.) and therefore indicates that a state of inverted 
population necessary for exhibiting optical amplifying action can be 

20 easily formed. 

(v) Durability test 

The cured film was stored for one week under environment of 
a temperature of 80°C and a humidity of 85 %, but there was no lowering 
of transparency at all. 

25 

EXAMPLE 14 

(1) Preparation of photo-curable fluorine-containing resin composition 
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containing rare earth metal 

MEK was added to the curable fluorine-containing 
prepolymer (MEK solution) obtained in Preparation Example 10 to 
adjust the concentration of polymer to 8 % by weight. Further in the 
5 MEK solution was dissolved Er-acetylacetone complex so that its 
concentration became 1 % by weight. To the MEK solution of the 
curable fluorine-containing prepolymer was added 2-hydroxy-2- 
methylpropiophenone as the active energy curing initiator so that its 
amount became 6.7 % by weight based on the polymer. As a result, a 

10 transparent colorless solution was obtained and there was compatibility 
therebetween. The solution was the photo-curable fluorine-containing 
resin composition containing rare earth metal of the present invention. 
(2) Evaluation of photo-curable composition 

The photo-curable fluorine-containing resin composition 

15 containing the active energy curing initiator was formed into un-cured 
films having various thicknesses with an applicator. The films were 
irradiated with ultraviolet light at room temperature at an intensity of 
3,000 mJ/cm 2 U using a high pressure mercury lamp to obtain cured 
films. With respect to the obtained cured films, the same tests as in 

20 Example 13 were made. The results are shown in Table 4. 
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394 
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(1,550 nm) 


Refractive index 


1.38 


1.39 



E XA M PLE 1 5 
(Production of optical amplifying device) 
5 The optical amplifying device was produced in the manner 

mentioned below. 

The optical amplifying device was produced using the 
fluorine-containing resin composition of Example 1 as a material for a 
core portion and the fluorine-containing prepolymer of Preparation 
10 Example 1 as a material for a clad portion. 

Those two kinds of materials were dissolved in methyl 
isobutyl ketone to make respective solutions. First, the material for a 
clad portion was coated on a plastic substrate or a silicon substrate in a 
thickness of about 15 \im. After baking and drying, the material for a 
15 core portion was coated on the film of material for the clad portion in a 
thickness of about 8 \xxn. Next, light irradiation was carried out 
through a photo mask to cure the film of the core portion. Thereafter 
un-cured core portion was washed down with a solvent to form a 
rectangular pattern of the core portion having a length of 50 mm, a width 
20 of 8 \im and a height of 8 \im. After forming the core portion, the clad 
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portion material was coated on the core portion as explained in Fig. 1 . 
Thus the optical amplifying device was produced. 

Next, a loss of light transmission of the produced optical 
amplifying device was measured by passing light having a wavelength of 
5 633 nm through the core portion. The loss was 0.3 dB/cm. 

When the thus produced optical amplifying device was 
irradiated with light by an ultraviolet lamp and viewed from the top 
thereof, there was recognized a red light emission pattern special to Eu 
ion in the linear form corresponding to the core portion. This indicates 
10 that the rare earth Eu ion necessary for optical amplifying action is 
contained only in the core portion. 

P REPARATI O N EXAMPLE 1 1 
(Synthesis of Eu(HFA) 3 ) 

15 In a solvent mixture of water/ methanol (8 ml of water and 3 

ml of methanol), 2.0 g (5 mmol) of europium acetate 
(Eu(CH 3 COO) 3 -4H 2 0) and 4.53 g (30 mmol) of hexafluoro acetylacetone 
(CF 3 COCH 2 OCCF 3 ) HFA were stirred at 50°C for four hours. During the 
reaction, in order to neutralize a pH value of the solution, ammonia 

20 water was added dropwise until the pH value became 7. As the pH 
value of the solution approximated to neutral, an amount of a precipitate 
was increased. The obtained product was subjected to re-precipitation 
two times with chloroform and ethanol. The complex after the re- 
precipitation was dried for two days under reduced pressure. As a 

25 result of DTGA, the number of dehydrates was determined to be 2. 
Subsequently elementary analysis was carried out and it was confirmed 
that the intended complex had been synthesized. Hereinafter this is 
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abbreviated to Eu(HFA) 3 . 

P R EP ARAT IO N EXAMPLE 1 2 
(Synthesis of copolymer of fluorine-containing allyl ether having 
5 hydroxyl) 

A 100 ml four-necked glass flask equipped with a stirrer and 
thermometer was charged with 20.0 g of perfluoro-(l, 1,9,9- tetrahydro- 
2,5-bistrifluoromethyl-3,6-dioxanonenol): 

10 CH 2 =CFCF 2 OCFCF 2 OCFCH 2 OH, 
CF 3 CF 3 

followed by sufficiently stirring and adding 12.9 g of a perfluorohexane 
solution of 8.0 % by weight of: 

15 

[H-eCFsCF^COOts 

and after the inside of the flask was sufficiently replaced with nitrogen 
gas, stirring was carried out at 30°C for 5 hours in nitrogen gas stream 

20 and thereby a solid having a high viscosity was produced. 

The obtained solid was dissolved in acetone and poured into 
a solvent mixture of HCFC-141b (CH 3 CCl 2 F)/hexane (HCFC- 
141b/hexane=l/9 in % by volume), followed by separating and 
vacuum-drying to obtain 18.0 g of a transparent colorless polymer. 

25 According to 19 F-NMR, *H-NMR and IR analyses, the polymer 

was a fluorine-containing polymer consisting of the structural unit of the 
above-mentioned fluorine-containing allyl ether and having ketone 
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group and hydroxy 1 at an end of its side chain. The number average 
molecular weight of the polymer was 6,700 according to the GPC 
analysis using tetrahydrofuran (THF) as a solvent and the weight 
average molecular weight thereof was 9,200. 

5 

PREPARATION EXAMPLE 13 
(Synthesis of copolymer of fluorine-containing allyl ether having a- 
fluoroacryloyl group) 

A 100 ml four-necked flask equipped with a reflux condenser, 
10 thermometer, stirrer and dropping funnel was charged with 20 ml of 
MIBK, 5.0 g of the fluorine-containing allyl ether copolymer having 
hydroxyl which was obtained in Preparation Example 12 and 0.94 g of 
pyridine, followed by cooling to 5°C or lower with ice. 

Then a solution obtained by dissolving 1.0 g of a-fluoroacrylic 
15 acid fluoride CH 2 =CFCOF in 20 ml of MIBK was added thereto dropwise 
over about 15 minutes while stirring in nitrogen gas stream. 

After completion of the addition, the flask temperature was 
raised to room temperature and the stirring was further continued for 
4.5 hours. 

20 The ether solution after the reaction was put in the dropping 

funnel, followed by washing with a IN aqueous solution of sodium 
hydrogencarbonate, IN hydrochloric acid, saturated brine and water 
and then drying with anhydrous magnesium sulfate. Thus a fluorine- 
containing allyl ether copolymer having a cure site was obtained. 

25 According to 19 F-NMR analysis of the MIBK solution of 

copolymer, a conversion was nearly 50 %. The fluorine content thereof 
was 58 % by weight. According to IR analysis, an absorption of a 
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carbon-carbon double bond was observed at 1,661 cm" 1 , and it was 
confirmed by DSC analysis that the copolymer was non-crystalline. 

EXAMPLE 16 

5 (Production of cured film) 

To the fluorine-containing prepolymer (MIBK solution) having 
a cure site (a-fluoroacryloyl group) and obtained in Preparation Example 
13 was added MIBK to adjust the concentration of polymer to 50 % by 
weight. To the solution was added Eu(HFA) 3 obtained in Preparation 

10 Example 11 and the concentration of europium ion was adjusted to be 
1 % by weight based on the polymer. Then 0.1 g of 2-hydroxy-2- 
methylpropiophenone was added as the active energy curing agent to 10 
g of the solution. 

The solution was colorless and transparent. The solution 

15 was coated on an aluminum foil with an applicator so that the coating 
thickness became about 100 fxm, followed by vacuum-drying at 50°C for 
10 minutes. After the drying, the un-cured film was irradiated with 
ultraviolet light with a high pressure mercury lamp at an intensity of 
1,000 mJ/cm 2 U and the aluminum foil was melted with diluted 

20 hydrochloric acid to obtain the cured film. 

The obtained cured film was colorless and transparent. 
When the cured film was irradiated with light of 394 nm which is an 
excitation wavelength of europium, emission of red light arose. An 
integrated intensity of luminescence at 615 nm band which was 

25 measured at the excitation wavelength of 394 nm with a fluorescence 
spectrophotometer (F-4010 available from Hitachi Ltd.) was as high as 
about 70 as compared with the integrated intensity of 1 in an aqueous 
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solution of europium chloride having a reference concentration. 

P REP A RAT I ON EXA M PLE 14 
(Synthesis of copolymer of fluorine-containing allyl ether having CO 
5 group and hydroxyl) 

A 100 ml four-necked glass flask equipped with a stirrer and 
thermometer was charged with 10.0 g of 3H,12H,12H-perfluoro~5,8- 
dimethyl-6,9-dioxa-3-trifluoroacetyl- 1 l-dodecene-2,4-dione (fluorine- 
containing allyl ether having CO group): 

10 

CH 2 =CFCF 2 OCFCF 2 OCFCOCH-COCF3 
CF 3 CF 3 COCF 3 

and 10.2 g of perfluoro-(l,l,9,9-tetrahydro-2,5-bistrifluoromethyl-3,6- 
1 5 dioxanonenol) : 

CH 2 =CFCF 2 OCFCF 2 OCFCH 2 OH , 
CF 3 CF 3 

20 followed by stirring sufficiently. Then thereto was added 9.8 g of a 
perfluorohexane solution of 8.0 % by weight of: 

[H-fCFaCPais-COO-fe 

25 and after the inside of the flask was sufficiently replaced with nitrogen 
gas, stirring was carried out at 30°C for 5 hours in nitrogen gas stream 
and thereby a solid having a high viscosity was produced. 
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The obtained solid was dissolved in acetone and then poured 
into perfluorohexane, followed by separating and vacuum-drying to 
obtain 14.7 g of a transparent colorless polymer. 

According to 19 F-NMR, 1 H-NMR and IR analyses, the polymer 
was a fluorine-containing polymer consisting of the structural unit of the 
above-mentioned fluorine-containing allyl ether and having ketone 
group and hydroxy 1 at an end of its side chain. 

According to 19 F-NMR analysis, the fluorine-containing 
polymer was one comprising the fluorine-containing allyl ether having 
-C group and the fluorine-containing allyl ether having OH group in % 
O 

by mole ratio of 51/49. 

The number average molecular weight of the polymer was 
3,200 according to the GPC analysis using tetrahydrofuran (THF) as a 
solvent and the weight average molecular weight thereof was 4,200. 

P REPARA TIO N EXAMPLE 1 5 
(Synthesis of copolymer of fluorine-containing allyl ether having CO 
group and cure site) 
20 A 200 ml four-necked flask equipped with a reflux condenser, 

thermometer, stirrer and dropping funnel was charged with 80 ml of 
diethyl ether, 5.1 g of the fluorine-containing allyl ether copolymer 
having CO group and OH group which was obtained in Preparation 
Example 14 and 2.1 g of pyridine, followed by cooling to 5°C or lower 
25 with ice. 

Then a solution obtained by dissolving 2.0 g of a-fluoroacrylic 
acid fluoride (CH 2 =CFCOF) in 20 ml of diethyl ether was added thereto 
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dropwise over about 30 minutes while stirring in nitrogen gas stream. 

After completion of the addition, the flask temperature was 
raised to room temperature and the stirring was further continued for 
4.5 hours. 

5 The ether solution after the reaction was put in the dropping 

funnel, followed by washing with water, 2 % hydrochloric acid solution, 
5 % NaCl solution and water and then drying with anhydrous 
magnesium sulfate. Then the ether solution was filtered for separation. 
Thus a fluorine-containing allyl ether copolymer having CO group and a 

10 cure site was obtained. 

According to 19 F-NMR analysis of the ether solution, a 
conversion was nearly 100 %. The fluorine content thereof was 57 % by 
weight. According to IR analysis, an absorption of a carbon-carbon 
double bond was observed at 1,661 cm" 1 , and it was confirmed by DSC 

15 analysis that the copolymer was non-crystalline. 



EXAMPLE 17 

(Production of cured film) 

To the fluorine-containing prepolymer (ether solution) having 

20 CO group and a cure site (a-fluoroacryloyl group) and obtained in 
Preparation Example 9 was added MEK, and ether was distilled off with 
an evaporator to adjust the concentration of polymer to 50 % by weight. 
To the solution was added europium chloride and the concentration of 
europium ion was adjusted to be 5 % by weight based on the polymer. 

25 Then 0. 1 g of 2-hydroxy-2-methylpropiophenone was added as the active 
energy curing initiator to 10 g of the solution. 

The solution was colorless and transparent. The solution 
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was coated on an aluminum foil with an applicator so that the coating 
thickness became about 100 \xxn, followed by vacuum-drying at 50°C for 
10 minutes. After the drying, the un-cured film was irradiated with 
ultraviolet light with a high pressure mercury lamp at an intensity of 
5 1,000 mJ/cm 2 U and the aluminum foil was melted with diluted 
hydrochloric acid to obtain the cured film. 

The obtained cured film was colorless and transparent. 
When the cured film was irradiated with light of 394 nm which is an 
excitation wavelength of europium, strong emission of red light arose. 

10 

According to the present invention, there can be obtained a 
suitable optical amplification material and light emission material which 
have a stable structure comprising a specific fluorine-containing 
polymer and a rare earth metal ion while maintaining transparency in a 
15 region of from visible light to near infrared light. When this fluorine- 
containing resin composition is used, excellent optical amplifying device 
and light emitting device can be produced by relatively easy steps. 



